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Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 



I, Jay A. Berzofsky, M.D., Ph.D., being duly warned that willful false 
statements and the like are punishable by fine or imprisonment or both (18 U.S.C. § 1001), and 
may jeopardize the validity of the patent application or any patent issuing thereon, state and 
declare as follows: 



1 . All statements herein made of my own knowledge are true, and 
statements made on information or belief are believed to be true and correct. 
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2. I am the Chief of the Molecular Immunogenetics and Vaccine Research 
Section, Metabolism Branch, Center for Cancer Research, National Cancer Institute, National 
Institutes of Health. I have been in this position since 1987. I am currently the Chair for the 
Vaccine Working Group for the National Cancer Institute. 

3. I received a bachelor's degree in chemistry, summa cum laude, from 
Harvard University in 1967. I received a Ph.D. and an M.D. degree from the Albert Einstein 
School of Medicine in 1972 and 1973, respectively. I trained in medicine at Massachusetts 
General Hospital, and as a postdoctoral fellow in the laboratory of Nobel prize winner Dr. 
Christian B. Anfinsen at the National Institutes of Health. Prior to 1987, 1 was a Senior 
Investigator at the National Institutes of Health. I am also a past president of the American 
Society for Clinical Investigation. I am an author of 330 published or in press scientific papers 
and books. In addition, I am an author of chapters in several major immunology textbooks. A 
copy of my curriculum vitae and bibliography is attached hereto as Exhibit A. 

4. The present invention relates to the surprising discovery that the anthrax 
toxin system can be used to deliver full length proteins to the cell cytosol for processing and 
presentation by MHC class I molecules to cytotoxic T cells (CTLs). In particular, the 
invention provides the first evidence that an anthrax toxin fusion protein comprising a full 
length protein-anthrax lethal factor (LF) fusion bound to anthrax protective antigen (PA) is 
translocated into the cell, and that the full length protein is efficiently processed into multiple 
epitopes by the MHC class I processing pathway and presented by MHC class I molecules to 
CTLs. The use of full length protein has the advantage of providing multiple epitopes that are 
recognized by more than one MHC class I allele. Moreover, the anthrax toxin fusion proteins 
of the present invention, comprising the full length protein, are more potent for sensitizing 
CTLs than corresponding peptide epitopes. 

5. I am a named inventor on the above-referenced patent application. I 
have read and am familiar with the contents of this patent application. In addition, I have read 
the Office Action, dated February 27, 2001, received in the present case. It is my 
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understanding that the Examiner is concerned that the claims are obvious over Milne et al , 
Arora et al, or Leppla et al in view of Donnolly et al and EP 0 532 090. In particular, the 
Examiner asserts that it would have been obvious to one of ordinary skill in the art at the time 
of the invention to use an anthrax toxin fusion protein to deliver a protein to a cell, as taught by 
Milne et al, Leppla et al, or Arora et al, for processing of the protein via the cytosolic MHC 
class I pathway and induction of a CTL response to the protein, as taught in Donnelly et al 

6. This declaration is provided to demonstrate that, at the time of the 
invention, one of skill in the art would not have had a reasonable expectation of success using 
the anthrax toxin fusion proteins of Milne et al, Arora et al, or Leppla et al in combination 
with the methods of inducing an immune response described by Donnolly et al and EP 0 532 
090. Furthermore, one of skill in the art would not have been motivated to substitute an 
anthrax toxin fusion protein for the Pseudomonas toxin (PE) fusion protein used in the 
methods of Donnolly et al and EP 0 532 090 to practice the invention. Moreover, this 
declaration is provided to demonstrate that, using the anthrax toxin fusion proteins of the 
present invention to induce an immune response, the inventors achieved results that are more 
effective than and superior to those of the closest prior art. 

7. In my scientific opinion, Milne et al, Arora et al, and Leppla et al 
teach methods for cellular delivery of small fragments of proteins or peptide epitopes, rather 
than full length proteins, using anthrax toxins comprising PA and an LF fusion protein. 
Anthrax lethal toxin is a binary bacterial toxin comprising two proteins, LF and PA. PA binds 
to a cellular receptor and is cleaved, revealing an LF binding site. LF binds to PA, forming 
anthrax toxin, which is translocated into the cell. However, as described in detail below, these 
references fail to teach the use of anthrax toxin fusion protein to elicit a T cell response, by 
delivering proteins or peptides to a cytosolic MHC class I pathway for epitope processing and 
cell surface presentation. 

For example, Milne et al teaches compositions where the catalytic domain of 
diphtheria toxin A chain is fused to LF and translocated into a cell, via PA binding. Arora et 
al teaches compositions where the catalytic domain of Pseudomonas exotoxin A is fused to 
LF and translocated into a cell, via PA binding. Leppla et al teaches generic compositions 
_ where peptides or protein fragments are fused to LF for cellular translocation, via PA binding. 
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Each of these references therefore discloses methods of internalizing protein fragments or 
peptide epitopes, for delivery of an activity to a cell, e.g., a cytotoxic activity. None of these 
references teach that anthrax toxin can be used to deliver a protein to a cytosolic MHC class I 
processing pathway, for induction of an immune response. 

Furthermore, the teachings of Milne et al, Arora et al, and Leppla et al at most 
only propose the use of anthrax toxins to deliver full length proteins to cells. Also, Arora et al 
at most only proposes that anthrax toxin could be used to present peptides to MHC class I 
molecules. However, as described below, the art teaches away from the use of bacterial toxins 
to present peptides to MHC class I molecules, let alone full length proteins. These teachings 
therefore do not provide any indication as to what parameters are critical, nor provide any 
direction as to which of the many possible choices for making and using anthrax toxins for 
delivery of full length proteins to the cytosol for processing and presentation by MHC class I 
molecules to CTLs. None of these references would provide one of skill in the art with a 
reasonable expectation of success for practicing the claimed invention. 

8. In my scientific opinion, Donnelly et al and EP 0 532 090 teach 
methods of inducing an immune response using Pseudomonas exotoxin ("PE") fused to a 
peptide epitope (i.e., peptide epitopes from influenza A matrix protein or nucleoprotein). PE is 
a single subunit bacterial toxin, rather than a binary toxin like anthrax. These references 
therefore teach neither the use of binary toxins nor the use of full length proteins to induce an 
immune response. The references merely describe attempts to use such PE fusion proteins to 
translocate peptide epitopes into a cell for presentation by the MHC class I pathway. 

Moreover, the same authors in a separate publication by Ulmer et al. (further 
discussed below) demonstrate that PE toxin fusion proteins are likely processed via an 
alternative, endosomal processing pathway that is less efficient than the MHC class I cytosolic 
pathway. Therefore, one skilled in the art would conclude that such bacterial toxin fusion 
proteins do not deliver antigen to the MHC class I cytosolic pathway. This reference thus 
teaches away from using bacterial toxin fusion proteins for processing of an antigen and 
presentation of an antigen by MHC class I molecules. 

In addition, these references teach the administration of a 12-mer amino acid 
epitope fused to PE toxin. Due to its size, such an epitope does not require cellular processing 
in order to be displayed by MHC class I molecules. Prior to the time of the present invention, 
the disadvantages associated with the translocation of large proteins (e.g., inefficient 
translocation) and the advantages associated with the use of peptide epitopes (e.g., efficient 
~ translocation and generation of T cells directed to a single epitope) were known to one of skill 
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in the art. Consistent with this understanding, Donnelly et al and EP 0 532 090 teach the use 
of bacterial toxin fusion proteins encoding peptide epitopes, and not full length proteins. These 
references therefore fail to provide the requisite motivation to one of skill in the art to use 
anthrax toxin fusion proteins for delivery of a full length protein to a cell for processing and 
presentation by MHC class I. 



9. The present application provides the first evidence that a bacterial toxin 
system (anthrax toxin) can be used to introduce a full length protein into the cytosol for 
processing via the MHC class I pathway and presentation by MHC class I molecules to CTLs. 
This processing of the full length protein and presentation to CTLs, via the MHC class I 
pathway, was demonstrated by treating antigen-presenting cells with lactacystin, which inhibits 
proteasome function required for cytosolic MHC class I processing {see specification, page 3, 
lines 7-11). In addition, the evidence demonstrates that the anthrax toxins of the present 
invention, fused to full length proteins, are more potent for sensitizing CTLs than a peptide 
epitope from the same full length protein {see Goltez et al, PNAS USA 94: 12059-12064 
(1997), page 12061, previously submitted on May 24, 1999 as Appendix A). 



10. The present inventors are therefore the first to show that a full length 
protein, fused to LF and translocated into a cell by anthrax toxin, is processed by the cytosolic 
MHC class I pathway and presented by MHC class I molecules to CTLs. In addition, the 
fusion proteins of the present invention are more potent for sensitizing CTLs than peptide 
epitopes and thus provide superior results over that taught in the prior art. In contrast, the prior 
art describes only the use of bacterial toxins to translocate protein fragments or epitopes into 
cells, for delivery of, e.g., a cytotoxic activity. In addition, the prior art teaches that bacterial 
toxin fusion proteins are likely processed by an alternative endocytic processing pathway, and 
not the cytosolic MHC class I processing pathway that results in the efficient presentation of a 
processed protein by MHC class I molecules to CTLs. Thus, the prior art teaches away from 
the claimed invention. But, even if one of skill in the art was motivated to try this approach, 
undue experimentation would be required to practice the claimed invention in view of the 
teachings of the prior art. Therefore, it is my scientific opinion that these prior studies would 
have provided neither motivation nor a reasonable expectation of success to use anthrax toxin 
to introduce a fyll length protein into a cell and elicit a CTL immune response, by processing 
the full length protein via the cytosolic MHC class I pathway, and presenting the resulting 
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epitopes by MHC class I molecules. Moreover, in view of the prior art teachings, our results 
are unexpected and surprisingly effective. 

11. In the Office Action, the Examiner asserts that "the ability of the 
protein-LF PA binary complex to translocate the protein into the cytosolic MHC class I 
processing pathway is an inherent property of the complex." I disagree with the Examiner's 
assertion for the following reasons. Prior to the time of the invention, such properties of 
anthrax toxin proteins would have been unpredictable and unexpected. At that time, the prior 
art taught that peptide epitopes delivered to a cell using bacterial fusion toxin proteins likely 
bind to preexisting MHC class I molecules that are recycled and internalized via an endocytic 
pathway, rather than being processed by the more efficient cytosolic MHC class I pathway. 
The prior art provides no information regarding processing of bacterial toxin fusion proteins 
via the cytosolic MHC class I pathway. Moreover, the prior art taught that large proteins were 
inefficiently translocated into the cell, if at all. The present inventors are the first to 
demonstrate that anthrax toxins can be used to deliver whole proteins to the cell cytosol for 
processing and presentation by MHC class I molecules to CTLs. Prior to this discovery, such 
properties and uses of bacterial toxin proteins for delivery of whole proteins to cells would 
have been unpredictable and unexpected. 

12. The Examiner further asserts that Arora et al teach that anthrax toxin 
fusion proteins are translocated into the cell and induce a CTL response to the heterologous 
protein fused to LF; and that the teachings of Ulmer et al support the Examiner's assertions. 
For the following reasons, I disagree with the Examiner's assertion. 

As mentioned above, the teachings of Arora et al are directed to cellular 
delivery of small fragments of proteins or peptide epitopes and at most only propose the use of 
whole proteins. Arora et al do not provide any indication as to what parameters are critical, 
nor provide any direction as to which of the many possible choices for making and using 
anthrax toxin fusion proteins for delivery of whole proteins to the cytosol for processing via 
the MHC class I pathway and presentation by MHC class I molecules to CTLs. 

Moreover, the teachings of Ulmer et al relied on by the Examiner actually 
- teach away from the claimed invention. The conclusion of the Ulmer et al study is that the PE 
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fusion protein is not translocated into the cytosolic MHC class I pathway, but rather enters an 
endosomal pathway. This reference therefore teaches away from the use of bacterial toxin 
fusion proteins for introducing whole proteins into the cytosolic MHC class I pathway for 
subsequent processing and presentation by MHC class I molecules. 

Further, the Examiner points out that such experiments by Ulmer et al "do not 
exclude that under physiological conditions . . . translocation into the cytosolic MHC class I 
processing does not occur" (emphasis added). Merely teaching that the experiments do not 
exclude what is not known fails to provide support or a rational basis for concluding that the 
prior art teaches or suggests the translocation of bacterial toxin fusion proteins into the 
cytosolic MHC class I processing pathway. 

Therefore, the teachings of Ulmer et al do not support the Examiner's assertion 
that Arora et al teaches the use of anthrax toxin fusion proteins for delivery of whole proteins 
to the cytosol for processing by the MHC class I processing pathway and presentation by MHC 
class I molecules to CTLs. 



13. In conclusion, the present application provides the first evidence that full 
length proteins fused to anthrax toxin are translocated into the cell, enter the cytosolic MHC 
class I processing pathway, and are subsequently presented by MHC class I molecules to 
CTLs. This evidence is contrary to the teachings of the prior art, which suggest that bacterial 
toxin fusion proteins are likely processed via an endocytic pathway. Moreover, the anthrax 
toxin fusion proteins of the present invention, comprising a full length protein, are more potent 
for sensitizing CTLs than peptide epitopes. Thus, using the anthrax toxin fusion proteins of the 
present invention, the inventors achieved results that are more effective than and superior to 
those of the closest prior art. In view of the prior art, these results are unobvious and 
unexpected, because the prior art teaches the advantages and use of small fragments of proteins 
and peptide epitopes over full length proteins, and teaches disadvantages associated with the 
translocation of full length proteins. Thus, it is my scientific opinion that the teachings of 
Milne et al, Arora etal, or Leppla et al in view of Donnolly et al and EP 0 532 090 do not 
provide one of skill in the art with a reasonable expectation of success, nor motivate one of 
skill in the art to practice the invention. 



- Date: 



1 



CURRICULUM VITAE 



Name : Jay Arthur Berzofsky 

Date and Place of Birth : April 13, 1946, Baltimore, Maryland 



Marital Status : Married to Sharon M. Miller, June 27, 1969; two children 
Alexander, April 30, 1974, and Marcus, May 27, 1976 

Education: 



1967 - A.B., Harvard University (Summa Cum Laude in Chemistry) 
1971 - Ph.D., Albert Einstein College of Medicine, Molecular Biology 
1973 - M.D., Albert Einstein College of Medicine, Medical Scientist 
Training Program 



Brief Chronology of Employment : 

1973 - 1974 Medical Internship (Straight Medicine), Massachusetts 

General Hospital, Boston, Massachusetts 



1974 - 1976 Research Associateship, Laboratory of Chemical Biology 

National Institute of Arthritis, Metabolism, and 
Digestive Diseases, National Institutes of Health 

1 976 - 1 979 Investigator ("Expert"), Metabolism Branch, National 

Cancer Institute, National Institutes of Health 

1979 - 1987 Senior Investigator, Metabolism Branch, National 

Cancer Institute, National Institutes of Health 

1987 - Date Chief, Molecular Immunogenetics and Vaccine Research 

Section, Metabolism Branch, National Cancer Institute, 
National Institutes of Health 



Honors/Awards : 

Detur Prize, Harvard University, 1964 

Harvard College Scholarship, Harvard University, 1964 

Phi Beta Kappa, Junior Year, Harvard University, 1966 

Summa Cum Laude in Chemistry, Harvard University, 1967 

Sophia Freund Prize for Graduate with Highest Cumulative Grade Point 

Average, Harvard College, 1967 
NIH Special Achievement Award, 1982 
Hollister - Stier's Distinguished Lectureship, Washington State 
University, 1986 

J. W. McLaughlin Fund Distinguished Contributions to Immunology Lectureship, 
University of Texas Medical School, Galveston, 1987 



2 



U. S. Public Health Service Superior Service Award, 1988 

31st Michael Heidelberger Award and Lecture, Columbia University, 1992 

McLaughlin Visiting Professorship, University of Texas Medical School, 

Galveston, 1992 
American Society for Clinical Investigation, President 1993-94 
Fellow of the American Association for the Advancement of Science, 1995 
Cytokine Interest Group Best Paper of 2000 Award to fellow in lab, 2001 
Professional Society Memberships : 

Association of Harvard Chemists, 1967 - present 

New York Academy of Sciences, 1971 - present 

American Association of Immunologists, 1977 - present 

Undersea Medical Society, 1978 - 1988 

American Federation for Clinical Research, 1979 - present 

American Society of Biological Chemists, 1980 - present 

American Society for Clinical Investigation, 1983 - present, 

Secretary-Treasurer, 1989 - 1992 

President-elect, 1992-1993 

President, 1993-94 
Association of American Physicians, 1990 - present 

Editorial Positions : 

Associate Editor, Journal of Immunology, 1980 - 1984 

Editorial Advisory Board, Journal of Molecular and Cellular Immunology, 1983 - 

present 

Advisory Editor, Molecular Immunology, 1985 - 1988 
Editorial Board, Peptide Research, 1987 - present 
Transmitting Editor, International Immunology, 1988 - present 
Editorial Board, Journal of Human Virology, 1997-present 
Consulting Editor, Journal of Clinical Investigation, 1998-present 
Section Editor, Journal of Clinical Immunology, 2002-present 

Professional Committees : 

American Association of Immunologists, Membership Committee, 1981 - 1988 
American Association of Immunologists, Chairman of Membership Committee, 
1983 - 1988 

NIH Clinical Center Compensable Events Committee, 1982 - present 
American Society for Clinical Investigation, Council, 1989-1994 
NCI Division of Clinical Sciences Promotion and Tenure Committee, 1995- 
present. 

NCI Division of Clinical Sciences Research Advisory Group, 1995-present 

NCI Directors Intramural Advisory Board, 1997-99 

NIH AIDS Vaccine Research Center Steering Committee, 1997-present 

NIH Search Committee for Director of Office of AIDS Research, 1997-98 

NIAID Malaria Vaccine Task Force, 1998-present 

NCI Vaccine Working Group, Chairman/Organizer, 1998-present 

NCI/CCR Immunology Faculty Steering Committee, 2001 -present 

NCI/CCR HIV & Virology Faculty Steering Committee, 2001-present 



3 



Military Service : 

Commissioned Corps, United States Public Health Service, 1974 - 1976 

Other Research Experience : 

Summers, 1962 - 1965 Research Assistant, Pediatric Research Unit (H. M. 

Nitowsky), Sinai Hospital, Baltimore, Maryland 
Summer, 1966 Research Assistant, Organic Synthesis Laboratory 

(C. H. Robinson), Department of Pharmacology, Johns 

Hopkins School of Medicine, Baltimore, Maryland 
Summer, 1967 Visiting Scientist, Laboratoire d'Enzymologie (G. N. 

Cohen), Centre National de la Recherche Scientifique, 

Gif-sur-Yvette, France 



4 

Medical Licensure : Maryland and Massachusetts 

Major Outside Activities 

Medimmune, Inc. — Scientific Founder and Chair, Scientific Advisory Board, 
1989-present 

Magainin Pharmaceuticals, Inc. — Member, Scientific Advisory Board, 1991-97 
Diacrin, Inc. — Member, Scientific Advisory Board, 1993-present 
Pharmadyne, Inc. — Scientific Co-Founder and Chair, Scientific Advisory Board, 
1997-present 

Boston University Community Technology Fund — Consultant, 1997-present 

Health Care Ventures, Inc. — consultant, 1998-present 

EMD Pharmaceuticals, Inc. — consultant, 2000-present 

Epivax, Inc. — Member, Scientific Advisory Board, 2000-present 

Major areas of research: 1 . Molecular basis of antigen recognition by T lymphocytes 

2. Processing of antigens and their presentation by major 
histocompatibility molecules 

3. Structure of antigenic sites on protein antigens 

4. Genetic regulation of the immune response 

5. Design and development of artificial vaccines based on 

immunological principles and peptide synthesis or 
recombinant DNA technology 

6. AIDS vaccines and diagnostic techniques 

7. Malaria vaccines 

8. Cancer vaccines 

9. Antigen-antibody interactions 

10. Structure-function relationships in proteins and protein 

conformation. 

1 1 . Regulation of tumor immunosurveillance and T cell 
function by cytokines 

12. Mucosal immunity and vaccines 



1 

BIBLIOGRAPHY 
Jay Arthur Berzofsky 

1. Nitowsky, H.M., L. Matz, and J. A. Berzofsky. 1966. Studies on oxidative drag 

metabolism in the full-term newborn infant. J. Pediatrics 69:1 139-1 149. 

2. Berzofsky, J. A., J. Peisach, and W.E. Blumberg. 1971. Sulfheme proteins. L Optical and 

magnetic properties of sulfmyoglobin and its derivatives. J. Biol Chem. 246:3367- 
3377. 

3. Peisach, J., J.A. Berzofsky, and W.E. Blumberg. 1973. Electronic control of oxygen 

binding to heme proteins. In Proceedings of the Second International Symposium on 
Oxidases and Related Oxidation-Reduction Systems. T.E. King, H.S. Mason, and M. 
Morrison, editors. University Park Press, Baltimore. 265-278. 

4. Berzofsky, J.A. 1971. The nature of sulfmyoglobin: Chemical, physical, and oxygen- 

binding properties. Albert Einstein College of Medicine, New York. 

5. Berzofsky, J.A., J. Peisach, and W.E. Blumberg. 1971. Sulfheme proteins II. The 

reversible oxygenation of ferrous sulfmyoglobin. Biol. Chem. 246:7366-7372. 

6. Berzofsky, J. A., J. Peisach, and J.O. Alben. 1972. Sulfheme proteins. III. 

Carboxysulfimyoglobin: The relation between electron withdrawal from iron and 
ligand binding. J. Biol Chem. 247:3774-3782. 

7. Berzofsky, J. A., J. Peisach, and B.L. Horecker. 1972. Sulfheme proteins. IV. The 

stoichiometry of sulfur incorporation and the isolation of sulfhemin, the prosthetic 
group of sulfmyoglobin. /. Biol Chem. 247:3783-3791. 

8. Berzofsky, J.A., A.N. Schechter, and H. Kon. 1976. Does Freund's adjuvant denature 

protein antigens? EPR studies of emulsified hemoglobin. J. Immunol 1 16:270-273. 

9. Berzofsky, J. A., J.G. Curd, and A.N. Schechter. 1976. Probability analysis of the 

interaction of antibodies with multideterminant antigens in radioimmunoassay: 
application to the amino terminus of the beta chain of hemoglobin S. Biochem 
15:2113-2121. 

10. Berzofsky, J.A., A.N. Schechter, G.M. Shearer, and D.H. Sachs. 1977. Genetic control of 

the immune response to staphyloccal nuclease III. Time course and correlation 
between the response to native nuclease and the response to its polypeptide 
fragments. J. Exp. Med. 145:111-112. 

11. Berzofsky, J. A., A.N. Schechter, G.M. Shearer, and D.H. Sachs. 1977. Genetic control of 

the immune response to staphylococcal nuclease IV. H-2-linked control of the 
relative proportions of antibodies produced to different determinants of native 
nuclease./. Exp. Med. 145:123-145. 



2 



12 Sachs, D.H., J.A. Berzofsky, C.G. Fathman, D.S. Pisetsky, A.N. Schechter, and R.H. 
Schwartz. 1976. The immune response to staphylococcal nuclease: A probe of 
cellular and humoral antigen specific receptors. Cold Spring Harbor Symp. Quant 
Biol. 41:295-306. 

13. Berzofsky, J.A., R.H. Schwartz, A.N. Schechter, and D.H. Sachs. 1978. H-2 linked 

control of the antibody and cellular immune response to nuclease at the level of 
individual regions of the molecule; In Ir Genes and la Antigens (Proceedings of the 
Third Ir Gene Workshop, December, 1976, Asilomar, CA). H.O. McDevitt, editor. 
Academic Press, New York. 423-431. 

14. Berzofsky, J.A. 1978. Genetic control of the immune response to mammalian 

myoglobins in mice I. More than one I-region gene in H-2 controls the antibody 
response./. Immunol 120(2):360-369. 

15. Pisetsky, D.S., J.A. Berzofsky, and D.H. Sachs. 1978. Genetic control of the immune 

response to staphylococcal nuclease. VII. Role of non-H-2-linked genes in the 
control of the anti-nuclease antibody response. Exp. Med. 147(2):396-408. 

16. Berzofsky, J.A. 1978. The assessment of antibody affinity from radioimmunoassay. 

Clinical Chem. 24(3):4 19-421. 

17. Berzofsky, J.A. 1978. Genetic control of the antibody response to sperm whale 

myoglobin in mice. Adv. Exp. Med. Biol 98:225-240. 

18. Berzofsky, J.A., D.S. Pisetsky, R.H. Schwartz, A.N. Schechter, and D.H. Sachs. 1978. 

Genetic control of the immune response to staphylococcal nuclease in mice. Adv. 
Exp Med. Biol 98:241-258. 

19. Schwartz, R.H., J.A. Berzofsky, C.L. Horton, A.N. Schechter, and D.H. Sachs. 1978. 

Genetic control of the T-lymphocyte proliferative response to staphylococcal 
nuclease. Evidence for multiple MHC-linked Ir gene control. J. Immunol 120:1741- 
1749. 

20. Sachs, D.H., J.A. Berzofsky, D.S. Pisetsky, and R.H. Schwartz. 1978. Genetic control of 

the immune response to staphylococcal nuclease. In Seminars in Immunopathology 
Vpl.I. B. Benacerraf, editor. Springer- Verlag , New York. 51-83. 

21. Berzofsky, J.A., L.K. Richman, and D.J. Killion. 1979. Distinct H-2-linked Ir genes 

control both antibody and T cell responses to different determinants on the same 
antigen, myoglobin. Proc. Natl Acad. ScL U. S. A. 76:4046-4050. 

22. Richman, L.K., R.J. Klingenstein, J.A. Richman, W. Strober, and J.A. Berzofsky. 1979. 

The murine Kupffer cell. I. Characterization of the cell serving accessory function in 
antigen-specific T cell proliferation. Immunol 123:2602-2609. 



3 



23. Richman, L.K,, W. Strober, and J.A. Berzofsky. 1980. Genetic control of the immune 

response to myoglobin: III. Determinant-specific, two Ir gene phenotype is regulated 
by the genotype of reconstituting Kupffer cells. J. Immunol 124:619-624. 

24. Berzofsky, J.A. 1980. Immune response genes in the regulation of mammalian 

immunity. In Biological Regulation and Development R.F. Goldberger, editor. 
Plenum Press, New York. 467-594. 

25. Berzofsky, J.A., G. Hicks, J. Fedorko, and J. Minna. 1980. Properties of monoclonal 

antibodies specific for determinants of a protein antigen, myoglobin. J. Biol Chem. 
255:11188-11191. 

26. Berzofsky, J. A., L.K. Richman, and W. Strober. 1982. Determinant-specific antigen 

presentation by liver Kupffer cells under control of H-2-linked Ir genes. In Recent 
Advances in Mucosal Immunity. W. Strober, L.A. Hanson, and K.W. Sell, editors. 
Raven Press, New York. 213-223. 

27. Berzofsky, J.A., and A.N. Schechter. 1981. The concepts of crossreactivity and 

specificity in immunology. Molec. Immunol 18:751-763. 

28. Berzofsky, J. A., and L.K. Richman. 1981. Genetic control of the immune response to 

myoglobins. IV. Inhibition of determinant-specific Ir-gene-controlled antigen 
presentation and induction of suppression by pretreatment of presenting cells with 
anti-la antibodies. J. Immunol 126:1898-1904. 

29. Berzofsky, J.A., G.K. Buckenmeyer, G. Hicks, F.R.N. Gurd* RJ. Feldmann, and J. 

Minna. 1982. Topographic antigenic determinants recognized by monoclonal 
antibodies to sperm whale myoglobin. J. Biol Chem. 257:3189-3198. 

30. Berzofsky, J.A., D.S. Pisetsky, D.J. Killion, G. Hicks, and D.H. Sachs. 1981. Ir genes of 

different high responder haplotypes for staphylococcal nuclease are not allelic. J. 
Immunol 127:2453-2455. 

31. Berzofsky, J. A., G.K. Buckenmeyer, G. Hicks, DJ. Killion, I. Berkower, Y. Kohno, 

M.A. Flanagan, M.R. Busch, RJ. Feldmann, J. Minna, and F.R.N. Gurd. 1983. 
Topographic antigenic determinants detected by monoclonal antibodies to myoglobin. 
In Protein Conformation as Immunological Signal F. Celada, E. Sercarz, and V. 
Shumaker, editors. Plenum Press, New York. 165-180. 

32. Berkower, I., G.K. Buckenmeyer, F.R.N. Gurd, and J.A. Berzofsky. 1983. A possible 

immunodominant domain of myoglobin for murine T lymphocytes. In Protein 
Conformation as Immunological Signal F. Celada, E. Sercarz, and V. Shumaker, 
editors. Plenum Press, New York. 289-302. 

33. Berzofsky, J.A., G.K. Buckenmeyer, and G. Hicks. 1982. Genetics control of the 

immune response to myoglobins. VI. Distinct Ir genes for different myoglobins: 
Complementing genes in I-A and H-2D for equine myoglobin. J. Immunol 128:737- 
741. 



4 



34. Kohno, Y., I. Berkower, J. Minna, and J.A. Berzofsky. 1982. Idiotypes of anti- 

myoglobin antibodies: Shared idiotypes among monoclonal antibodies to distinct 
determinants of sperm whale myoglobin. J. Immunol 128:1742-1748. 

35. Berzofsky, J.A., and I. Berkower. 1983. Antigen-Antibody Interaction. In Fundamental 

Immunology. W.E. Paul, editor. Raven Press, New York. 595-644. 

36. Kohno, Y., and J.A. Berzofsky. 1982. Genetic control of the immune response to 

myoglobin. V. Antibody production in vitro is macrophage and T cell-dependent and 
is under control of two determinant-specific Ir genes. J. Immunol 128:2458-2464. 

37. Lando, G., J.A. Berzofsky, and M. Reichlin. 1982. Antigenic structure of sperm whale 

myoglobin: I. Partition of specificities between antibodies reactive with peptides and 
native protein. J. Immunol 129:206-211. 

38. Berkower, I., G.K. Buckenmeyer, F.R.N. Gurd, and J.A. Berzofsky. 1982. A possible 

immunodominant epitope recognized by murine T lymphocytes immune to different 
myoglobins. Proc. Natl Acad. ScL U. S A. 79:4723-4727. 

39. Kohno, Y., and J.A. Berzofsky. 1982. Genetic control of the immune response to 

myoglobins. Both low and high responder T cells tolerant to the other MHC help 
high but not low responder B cells. J. Exp. Med. 156:791-809. 

40. Simmerman, H.K.B., C.C. Wang, E.M. Horwitz, J.A. Berzofsky, and F.R.N. Gurd. 1982. 

Semisynthesis of sperm whale myoglobin by fragment condensation. Proc. Natl 
Acad. Sci. U. S. A. 19:1139-11 '43. 

41. Kohno, Y., and J.A. Berzofsky. 1982. Genetic control of immune response to myoglobin. 

Ir gene function in genetic restriction between T and B lymphocytes. J. Exp. Med. 
156:1486-1501. 

42. Berzofsky, J.A., Y. Kohno, and H. Kawamura. 1983. Both low and high responder 

myoglobin-specific T cells, tolerant to Fl, help high but not low responder B cells. In 
Ir Genes: Past, Present, and Future. C.W. Pierce, S.E. Cullen, J.A. Kapp, B.D. 
Schwartz, and D.C. Shreffler, editors. Humana Press, New Jersey. 269-275. 

43. Berzofsky, J.A. 1983. T-B reciprocity: An la-restricted epitope-specific circuit 

regulating T cell-B cell interaction and antibody specificity. Survey of Immunol. Res. 
2:223-229. 

44. Berzofsky, J.A. 1984. Monoclonal antibodies as probes of antigenic structure. In 

Monoclonal Antibodies as Probes of Antigenic Structure, Receptor Biochemistry and 
Methodology Vol. 4. J.C. Venter, CM. Fraser, and J.M. Lindstrom, editors. Alan R. 
Liss, Inc., New York. 1-19. 



45. Berzofsky, J.A. 1983. T cell activation by antigen. Immunol. Today 4:299-301. 



5 

46. Venter, J.C., J.A. Berzofsky, J. Lindstrom, S. Jacobs, CM. Fraser, L.D. Kohn, W. 

Schnieder, G.L. Greene, A.D. Strosberg, and B.F. Erlanger. 1984. Monoclonal and 
anti-idiotypic antibodies as probes for receptor structure and function. Fed. Proc. 
43:2534-2539. 

47. Berzofsky, J.A. 1984. Mechanisms of antigen-specific, genetically restricted, T cell-B 

cell interaction. Survey of Immunol. Res. 3:103-106. 

48. Benjamin, D.C., J.A. Berzofsky, I.J. East, F.R.N. Gurd, C. Hannum, S.J. Leach, E. 

Margoliash, J.G. Michael, A. Miller, E.M. Prager, M. Reichlin, E.E. Sercarz, SJ. 
Smith-Gill, P.E. Todd, and A.C. Wilson. 1984. The antigenic structure of proteins: A 
reappraisal. Annu. Rev. Immunol. 2:67-101. 

49. Berkower, L, L.A. Matis, G.K. Buckenmeyer, F.R.N. Gurd, D.L. Longo, and J.A. 

Berzofsky. 1984. Identification of distinct predominant epitopes recognized by 
myoglobin-specific T cells under control of different Ir genes and characterization of 
representative T-cell clones. J. Immunol. 132:1370-1378. 

50. Kawamura, H., Y. Kohno, M. Busch, F.R.N. Gurd, and J.A. Berzofsky. 1984. A major 

anti-myoglobin idiotype: Influence of H-2-linked Ir genes on idiotype expression. J. 
Exp. Med. 160:659-678. 

51. Streicher, H.Z., I.J. Berkower, M. Busch, F.R.N. Gurd, and J.A. Berzofsky. 1984. The 

role of antigen conformation in determining requirements for antigen processing for T 
cell activation. In Regulation of the Immune System. E. Sercarz, H. Cantor, and L. 
Chess, editors. Alan R.Liss, Inc., New York. 163-180. 

52. Berzofsky, J. A., and H.M. Grey. 1984. MHC-restricted specific antigen presentation to 

different T cell sets (Th, Ts, Tc). In Regulation of the Immune System. E. Sercarz, H. 
Cantor, and L. Chess, editors. Alan R. Liss, Inc., New York. 189-193. 

53. Streicher, H.Z., I.J. Berkower, M. Busch, F.R.N. Gurd, and J.A. Berzofsky. 1984. 

Antigen conformation determines processing requirements for T-cell activation. Proc. 
Natl. Acad. ScL U. S.A. 81:6831-6835. 

54. Berzofsky, J.A., and K. Yokomuro. 1985. Antigen presenting cells: Workshop 

Summary. In Immune Regulation. M. Feldmann, and N.A. Mitchison, editors. 
Humana Press, NJ. 369-374. 

55. Kohno, Y., H. Kawamura, and J.A. Berzofsky. 1985. A unidirectional carrier effect. 

Cellular Immunol. 92:226-234. 

56. Berzofsky, J.A. 1985. The nature and role of antigen processing in T cell activation. In 

The Year in Immunology 1984-1985. J.M. Cruse, and R.E. Lewisjr., editors. Karger, 
Basel. 18-24. 



6 

57. Morrissey, P.J., S.O. Sharrow, Y. Kohno, J.A. Berzofsky, and A. Singer. 1985. 

Correlation of intrathymic tolerance with intrathymic chimerism in neonatally 
tolerized mice. Transplant 40:68-72. 

58. Kawamura, H., S.A. Rosenberg, and J.A. Berzofsky. 1985. Immunization with antigen 

and interleukin-2 in vivo overcomes Ir genetic low responsiveness. J. Exp. Med. 
162:381-386. 

59. Berkower, I., H. Kawamura, L.A. Matis, and J.A. Berzofsky. 1985. T cell clones to two 

major T cell epitopes of myoglobin: Effect of I-A/I-E restriction on epitope 
dominance. J. Immunol 135:2628-2634. 

60. Delisi, C, and J.A. Berzofsky. 1985. T cell antigenic sites tend to be amphipathic 

structures. Proa Natl Acad, Sci. U. S. A. 82:7048-7052. 

61. Berzofsky, J.A. 1985. Intrinsic and extrinsic factors in protein antigenic structure. 

Science 229:932-940. 

62. Darst, S.A., C.R. Robertson, and J.A. Berzofsky. 1986. Myoglobin adsorption onto 

crosslinked polydimethylsiloxane. Journal of Colloid and Interface Science 111 :466- 
474. 

63. Berzofsky, J.A., I.J. Berkower, K.B. Cease, G.K. Buckenmeyer, H.Z. Streicher, and C. 

Delisi. 1986. Structural and conformational requirements for protein antigen 
recognition by MHC class II - restricted T cells and clones. In Modern Approaches to 
Vaccines. F. Brown, R. Chanock, and R. Lerner, editors. Cold Spring Harbor 
Laboratory, New York. 123-127. 

64. Berzofsky, J.A., K.B. Cease, G.K. Buckenmeyer, H.Z. Streicher, C. Delisi, and I.J. 

Berkower. 1986. Structural and conformational requirements for Ir-gene-controlled 
myoglobin epitope recognition by la-restricted T cells and clones. In Regulation of 
Immune Gene Expression. M. Feldmann, and A. McMichael, editors. Humana Press, 
Clifton, NJ. 225-234. 

65. Kawamura, H., and J.A. Berzofsky. 1986. Enhancement of antigenic potency in vitro and 

immunogenicity in vivo by coupling the antigen to anti-immunoglobulin. J. 
Immunol 136:58-65. 

66. Streicher, H.Z., F. Cuttitta, G.K. Buckenmeyer, H. Kawamura, J. Minna, and J.A. 

Berzofsky. 1986. Mapping the idiotopes of a monoclonal anti-idiotypic antibodies: 
Detection of a common idiotope. J. Immunol 136:1007-1014. 

67. Berzofsky, J.A. 1987. Ir genes: antigen-specific genetic regulation of the immune 

response. In The Antigens. M. Sela, editor. Academic Press, New York. 1-146. 

68. Berkower, I., G.K. Buckenmeyer, and J.A. Berzofsky. 1986. Molecular mapping of a 

histocompatibility - restricted immunodominant T cell epitope with synthetic and 
natural peptides: Implications for antigenic structure. J. Immunol 136:2498-2503. 



7 



69. Berzofsky, J. A. 1986. Structural features of protein antigenic sites recognized by helper 

T cells: What makes a site immunodominant?. In The Year in Immunology 1985- 
1986. J.M. Cruse, and R.E. Lewisjr., editors. Karger, Basel. 28-38. 

70. Simpson, E., R. Lieberman, I. Ando, D.H. Sachs, W.E. Paul, and J. A. Berzofsky. 1986. 

How many class II Immune Response Genes? A reappraisal of the evidence. 
Immunogenetics 23 :302-308. 

71. Delisi, C, J. Cornette, H. Margalit, K. Cease, J. Spouge, and J.A. Berzofsky. 1987. The 

role of amphipathicity as an indicator of T cell antigenic sites on proteins. In 
Immunogenicity of Protein Antigens: Repertoire and Regulation. E. Sercarz, and J.A. 
Berzofsky, editors. CRC Press, Boca Raton. 35-42. 

72. Berzofsky, J. A., J. Cornette, H. Margalit, I. Berkower, K. Cease, and C. Delisi. 1986. 

Molecular features of class II MHC-restricted T cell recognition of protein and 
peptide antigens: the importance of amphipathic structures. In Current Topics in 
Microbiology and Immunology Vol. 130. F. Melchers, and H. Koprowski, editors. 
Springer- Verlag, New York. 14-24. 

73. Kawamura, H., S.O. Sharrow, D.W. Ailing, D. Stephany, J. York-Jolley, and J.A. 

Berzofsky. 1986. IL-2 receptor expression in unstimulated murine splenic T cells: 
Localization to L3T4+ cells and regulation by non-H-2-linked genes. J. Exp. Med. 
86:1376-1390. 

74. Wagner, D.K., J. York-Jolley, T.R. Malek, J.A. Berzofsky, and D.L. Nelson. 1986. 

Antigen-specific murine T cell clones produce soluble interleukin 2 receptor on 
stimulation with specific antigens. J. Immunol 137:592-596. 

75. Good, M.F., J.A. Berzofsky, W.L. Maloy, Y. Hayashi, N. Fujii, W.T. Hockmeyer, and 

L.H. Miller. 1986. Genetic control of the immune response in mice to a Plasmodium 
facilparum sporozoite vaccine: Widespread non-responsiveness to a single malaria T 
epitope in highly repetitive vaccine. J. Exp. Med. 164:655-660. 

76. Berzofsky, J.A., K.B. Cease, IJ. Berkower, H. Margalit, J. Cornette, J. Spouge, C. 

Spencer, G. Buckenmeyer, H. Streicher, M. Kojima, and C. Delisi. 1988. The role of 
MHC and amphipathic structures in T cell recognition: Features determining 
immunodominance. In Antigen Processing and Presentation. H. Vogel, B. Pernis, and 
S. Silverstein, editors. Columbia University Press, New York. 125-131. 

77. Finnegan, A., M.A. Smith, J.A. Smith, J.A. Berzofsky, D.H. Sachs, and R.J. Hodes. 

1986. The T cell repertoire for recognition of a phylogenetically distant protein 
antigen: peptide specificity and MHC restriction of staphylococcal nuclease specific 
T cell clones. J. Exp. Med. 164:897-910. 

78. Kawamura, H., and J.A. Berzofsky. 1987. Influence of MHC-linked genes on idiotype 

expression. In Immunogenicity of Protein Antigens: Repertoire and Regulation 
Vol.2. E.E. Sercarz, and J.A. Berzofsky, editors. CRC Press, Boca Raton. 121-127. 



8 



79. Berzofsky, J.A., K.B. Cease, I J. Berkower, H. Margalit, J. Cornette, and C. Delisi. 1986. 

Immunodominance of amphipathic peptides and their localization on the cell surface 
for antigen presentation to helper T cells. In Progress in Immunology V. B. Cinader, 
and R.G. Miller, editors. Academic Press, New York. 255-265. 

80. Cease, K.B., I. Berkower, J. York-Jolley, and J.A. Berzofsky. 1986. T cell clones 

specific for an amphipathic alpha helical region of sperm whale myoglobin show 
differing fine specificities for synthetic peptides: A multi-view/single structure 
interpretation of immunodominance. J. Exp. Med. 164:1779-1784. 

81. Cease, K.B., G. Buckenmeyer, I. Berkower, J. York-Jolley, and J.A. Berzofsky. 1986. 

Immunologically relevant peptide antigen exists on the presenting cell in a manner 
accessible to macromolecules in solution. J. Exp. Med 164:1440-1454. 

82. Berzofsky, J.A., and K.B. Cease. 1986. Peptide antigenic structure and localization on 

the surface of the presenting cell for antigen presentation. Annales de I Vnstitut 
Pasteur 137D:312-316. 

83. Berzofsky, J.A., K.B. Cease, S. Ozaki, H. Margalit, J.L. Cornette, J. Spouge, and C. 

Delisi. 1987. Helper T cell immunity: Implications for vaccines. In Vaccines*87. R. 
Chanock, R Brown, H. Ginsberg, and R. Lerner, editors. Cold Spring Harbor 
Laboratory, Cold Spring Harbor, New York. 26-32. 

84. Finnegan, A., and J.A. Berzofsky. 1986. Antigen recognition by T ceils. Immunol 

Today 7:317-319. 

85. Spouge, J.L., H.R. Guy, J.L. Cornette, H. Margalit, K. Cease, J.A. Berzofsky, and C. 

Delisi. 1987. Strong conformational propensities enhance T-cell antigenicity. J. 
Immunol 138:204-212. 

86. Good, M.F., LA. Quakyi, A. Saul, J.A. Berzofsky, R. Carter, and L.H. Miller. 1987. 

Human T clones reactive to the sexual stages of Plasmodium falciparum malaria: 
High frequency of gamete-reactive T cells in peripheral blood of non-exposed donors. 
J. Immunol 138:306-311. 

87. Coico, R.F., J.A. Berzofsky, J. York-Jolley, S. Ozaki, G.W. Siskind, and GJ. Thorbecke. 

1987. Physiology of IgD. VTI. Induction of receptors for IgD on cloned T cells by 
IgD and Interleukin 2. J. Immunol 138:4-6. 

88. Ozaki, S., J. York-Jolley, H. Kawamura, and J.A. Berzofsky. 1987. Cloned protein 

antigen-specific, la-restricted T cells with both helper and cytolytic activities: 
Mechanisms of activation and killing. Cellular Immunol 105:301-316. 

89. Good, M.F., J.A. Berzofsky, L. Maloy, M.N. Lunde, Y. Hayashi, N. Fujii, W.T. 

Hockmeyer, B. Moss, and L.H. Miller. 1987. Genetic control of the immune response 
to a Plasmodium falciparum sporozoite vaccine and to the Cirumsporozoite (CS) 



9 

protein. In Vaccines "87. R. Chanock, F. Brown, H. Ginsberg, and R. Lerner, editors. 
Cold Spring Harbor Laboratory, Cold Spring Harbor, New York .81-85. 

90. Margalit, H., J.L. Spouge, J.L. Cornette, K. Cease, C. Delisi, and J. A. Berzofsky. 1987. 

Prediction of immunodominant helper T-cell antigenic sites from the primary 
sequence. J. Immunol 138:2213-2229. 

91. Takacs, L., J.A. Berzofsky, J. York-Jolley, T. Akahoshi, E. Blasi, and S.K. Durum. 1987. 

IL 1 -Induction by murine T cell clones: Detection of an IL 1 -inducing lymphokine. J. 
Immunol 138:2124-2131. 

92. Good, M.F., W.L. Maloy, M.N. Lunde, H. Margalit, J.L. Cornette, G.L. Smith, B. Moss, 

L.H. Miller, and J.A. Berzofsky. 1987. Construction of a synthetic immunogen: use 
of a new T-helper epitope on malaria circumsporozoite protein. Science 235:1059- 
1062. 

93. Hoffinan, S.L., L.T. Cannon, J.A. Berzofsky, W.R. Majarian, J.G. Young, W.L. Maloy, 

and W.T. Hockmeyer. 1987. Plasmodium falciparum: Increased immunity with T 
cell epitope on sporozoite vaccine. Exp. Parasitology 64:64-70. 

94. Cornette, J.L., K.B. Cease, H. Margalit, J.L. Spouge, J.A. Berzofsky, and C. Delisi. 

1987. Hydrophobicity scales and computational techniques for detecting amphipathic 
structures in proteins. J. Mol Biol 195:659-686. 

95. Cease, K.B., H. Margalit, J.L. Cornette, S.D. Putney, W.G. Robey, C. Ouyang, H.Z. 

Streicher, FJ. Fischinger, R.C. Gallo, C. Delisi, and J.A. Berzofsky. 1987. Helper T 
cell antigenic site identification in the AIDS virus gpl20 envelope protein and 
induction of immunity in mice to the native protein using a 16-residue synthetic 
peptide. Proc. Natl Acad. Set USA 84:4249-4253. 

96. Ozaki, S., and J.A. Berzofsky. 1987. Antibody conjugates mimic specific B cell 

presentation of antigen: Relationship between T and B cell specificity. J. Immunol 
138:4133-4142. 

97. Berzofsky, J.A., K.B. Cease, J.L. Cornette, J.L. Spouge, H. Margalit, I.J. Berkower, M.F. 

Good, L.H. Miller, and C. Delisi. 1987. Protein antigenic structures recognized by T 
cells: Potential applications to vaccine design. Immunol Rev. 98:9-52. 

98. Berzofsky, J.A. 1988. Features of T-cell recognition and antigen structure useful in the 

design of vaccines to elicit T-cell immunity. Vaccines 6:89-93. 

99. Berzofsky, J.A., and S. Ozaki. 1988. Antibody conjugates mimic specific B-cell 

presentation of antigen: epitope restrictions in specific T-B interaction. In Antigen 
Presenting Cells: Diversity, Differentiation and Regulation. L.B. Schook, and J.G. 
Tew, editors. Alan R. Liss, Inc., New York. 41-48. 

100. Good, M.F., D. Pombo, LA. Quakyi, E.M. Riley, R.A. Houghten, A. Menon, D.W. 

Ailing, J.A. Berzofsky, and L.H. Miller. 1988. Human T cell recognition of the 



circumsporozoite protein of Plasmodium falciparum. Immunodominant T cell 
domains map to the polymorphic regions of the molecule. Proc. Natl Acad. ScL 
USA 85:1199-1203. 

101. Good, M.F., J.A. Berzofsky, and L.H. Miller. 1988. The T-cell response to the malaria 

circumsporozoite protein: an immunological approach to vaccine development. Annu. 
Rev. Immunol 6:663-688. 

102. Lin, J., J. A. Berzofsky, and T.L. Delovitch. 1988. Ultrastructural study of internalization 

and recycling of antigen by antigen presenting cells. Mol Cell Immunol 3:321- 
343. 

103. Kojima, M., K.B. Cease, G.K. Buckenmeyer, and J.A. Berzofsky. 1988. Limiting 

dilution comparsion of the repertoires of high and low responder MHC-restricted T 
cells. Exp. Med. 167:1100-1113. 

104. Good, M.F., D. Pombo, W.L. Maloy, V.F. De la Cruz, L.H. Miller, and J.A. Berzofsky. 

1988. Parasite polymorphism present within minimal T-cell epitopes of Plasmodium 
falciparum circumsporozoite protein. J. Immunol. 1 40: 1 645-1 650. 

105. Takahashi, H., J. Cohen, A. Hosmalin, K.B. Cease, R. Houghten, J. Cornette, C. Delisi, 

B. Moss, R.N. Germain, and J.A. Berzofsky. 1988. An immunodominant epitope of 
the HIV gpl60 envelope glycoprotein recognized by class I MHC molecule-restricted 
murine cytotoxic T lymphocytes. Proc. Natl Acad. ScL (7&4 85:3105-3109. 

106. Darst, S.A., C.R. Robertson, and J.A. Berzofsky. 1988. Adsorption of the protein 

antigen myoglobin affects the binding of conformation specific monoclonal 
antibodies. Biophysical Journal 53:533-539. 

107. Pombo, D., W.L. Maloy, J.A. Berzofsky, and M.F. Good. 1988. Neonatal exposure to 

immunogenic peptides. Differential susceptibility to tolerance induction of helper T 
cells and B cells reactive to malarial circumsporozoite peptide epitopes. J. Immunol 
140:3594-3598. 

108. Berzofsky, J.A. 1988. T-cell recognition of protein and peptide antigens: applications to 

vaccines development. In Technological Advances in Vaccine Development. L. 
Laskey, editor. Alan R. Liss, Inc., New York, 587-602. 

109. Berzofsky, J.A. 1988. Immunodominance in T lymphocyte recognition. Immunol 

Letters 18:83-92. 

110. Ozaki, S., S.K. Durum, K. Muegge, J. York-Jolley, and J.A. Berzofsky. 1988. 

Production of T-T hybrids from T cell clones: Direct comparison between cloned T 
cells and T hybridoma cells derived from them. J. Immunol 141:71-78. 

111. Brett, S.J., K.B. Cease, and J.A. Berzofsky. 1988. Influences of antigen processing on 

the expression of the T cell repertoire: Evidence for MHC-specific hindering 
structures on the products of processing. J. Exp. Med. 168:357-373. 



11 



1 12. Good, M.F., D. Pombo, M.N. Lunde, W.L. Maloy, R. Halenbeck, K. Koths, L.H. Miller, 

and J.A. Berzofsky. 1988. Recombinant human interleukin-2 (IL-2) overcomes 
genetic nonresponsiveness to malaria sporozoite peptides. Correlation of effect with 
biological activity of IL-2. 7. Immunol 141:972-977. 

1 13. Cease, K.B., and J.A. Berzofsky. 1990. T cell immunity and vaccine engineering: 

Application to the AIDS virus, la AIDS Vaccine Research and Clinical Trials. S. D. 
Putney, and D. P. Bolognesi, editors. Marcell Dekker, New York, pp. 139-156. 

1 14. Kumar, S., L.H. Miller, LA. Quakyi, D.B. Keister, R.A. Houghten, W.L. Maloy, B. 

Moss, J.A. Berzofsky, and M.F. Good. 1988. Cytotoxic T cells specific for the 
circumsporozoite protein of Plasmodium falciparum. Nature 334:258-260. 

115. Berzofsky, J.A., A. Bensussan, K.B. Cease, J.F. Bourge, R. Cheynier, Z. Lurhuma, J.-J. 

Salaun, R.C. Gallo, G.M. Shearer, and D. Zagury. 1988. Antigenic peptides 
recognized by T lymphocytes from ADDS viral envelope-immune humans. Nature 
334:706-708. 

1 16. Margalit, H., C. Delisi, and J.A. Berzofsky. 1990. Computer predictions of T-cell 

epitopes. In New Generation Vaccines. G.C. Woodrow, and M.M. Levine, editors. 
Marcel Dekker, New York, 109-1 16. 

1 17. Berzofsky, J.A. 1989. Structural features of T-cell recognition: Applications to vaccine 

design. Phil Trans. Roy. Soc. London B. , 323: 535-544. 

118. Cease, K.B., and J.A. Berzofsky. 1988. Antigenic structures recognized by T cells: 

Toward the rational design of an AIDS vaccine. AIDS 2:(suppl.l) S95-S101. 

1 19. Berzofsky, J.A., S.J. Brett, H.Z. Streicher, and H. Takahashi. 1988. Antigen processing 

for presentation to T lymphocytes: Function, mechanisms, and implications for the T- 
cell repertoire. Immunol. Rev. 106:5-31. 

120. Good, M.F., L.H. Miller, S. Kumar, LA. Quakyi, D. Keister, J. Adams, B. Moss, J.A. 

Berzofsky, and R, Carter. 1988. Limited immunological recognition of critical 
malaria vaccine candidate antigens. Science 242: 574-577. 

121. Berzofsky, J. A., and I.J. Berkower. 1989. Immunogenicity and antigen structure. In 

Fundamental Immunology 2nd Edition. W.E. Paul, editor. Raven Press, New York, 
pp. 169-208. 

122. Berzofsky, J.A., S.L. Epstein, and I.J. Berkower. 1989. Antigen-antibody interactions 

and monoclonal antibodies. In Fundamental Immunology 2nd edition. W.E. Paul, 
editor. Raven Press, New York, pp. 315-356. 

123. Dontfraid, F., M.A. Cochran, D. Pombo, J.D. Knell, I. Quakyi, S. Kumar, R.A. 

Houghten, J.A. Berzofsky, L.H. Miller, and M.F. Good. 1988. Human and murine 
CD4 T-cell epitopes map to the same region of the malaria circumsporozoite protein: 



Limited immunogenicity of sporozoites and cirumsporozoite protein. Mol. Biol. 
Med. ,5: 185-196. 



124. Hosmalin, A.M., P.L. Nara, M. Zweig, K.B. Cease, E. Gard, P.D. Markham, S.D. 

Putney, M.D. Daniel, R.C. Desrosiers, and J.A. Berzofsky. 1989. Enhancement of an 
antibody response to the envelope glycoprotein of HIV-1 in primates by priming with 
helper T-cell epitope peptides. In Vaccines 89. R. Lerner, H. Ginsberg, R. Chanock, 
and F. Brown, editors. Cold Spring Harbor Laboratory, Cold Spring Harbor, 121- 
124 

125. Takahashi, H., J. Cohen, A. Hosmalin, K.B. Cease, R. Houghten, J.L. Cornette, C. 

Delisi, S. Merli, B. Moss, R.N. Germain, and J.A. Berzofsky. 1989. Limited epitope 
repertoire recognized with class I MHC molecules by murine cytotoxic lymphocytes 
on the HIV gpl60 envelope glycoprotein. In Vaccines 89. R. Lerner, H. Ginsberg, R. 
Chanock, and F. Brown, editors. Cold Spring Harbor Laboratory, Cold Spring 
Harbor., 109-114. 

126. Berzofsky, J.A. 1989. Immunodominance of T-cell epitopes: Applications to vaccine 

design. In Vaccines 89. R. Lerner, H. Ginsberg, R. Chanock, and F. Brown, editors. 
Cold Spring Harbor Laboratory, Cold Spring Harbor, 27-3 1 . 

127. Berzofsky, J.A. 1988. The structural basis of antigen recognition by T lymphocytes: 

Implications for vaccines. J. Clin. Invest. 82: 1811-1817. 

128. Berzofsky, J.A. 1989. Mechanisms of immunodominance in T-cell recognition, with 

applications to vaccine design. In Immune System and Cancer: Proceedings of the 
Nineteenth International Symposium of the Princess Takamatsu Cancer Research 
Fund. T. Hamaoka, R.J. Hodes, G. Klein, T. Sugimura, S. Takayama, and 
Y.Yamamura, editors. The Princess Takamatsu Cancer Research Fund, Tokyo, 161- 
177. 

129. Takahashi, H., K.B. Cease, and J. A. Berzofsky. 1989. Identification of proteases that 

process distinct epitopes on the same protein. J. Immunol. 142: 2221-2229. 

130. Brett, S. J., D. McKean, J. York-Jolley, and J. A. Berzofsky. 1989. Antigen 

presentation to specific T cells by la molecules selectively altered by site-directed 
mutagenesis. Internal Immunol. 1: 130-140. 

131. Berzofsky, J. A., and Y. Paterson. 1990. Discussion summary: Antigen structure: B 

cell and T cell determinants and immunogenicity. In Immunogenicity (UCLA 
Symposia on Molecular and Cellular Biology, New Series, Vol 113). C. Janeway, J. 
Sprent, and E. Sercarz, editors. Alan R. Liss, New York, pp. 65-67. 

132. Hoffman, S. L., J. A. Berzofsky, D. Isenbarger, E. Zeltzer, W. R. Majarian, M. Gross, 

and W. R. Baliou. 1989. Immune response gene regulation of immunity to 
Plasmodium berghei sporozoites and circumsporozoite protein vaccines: Overcoming 
genetic restriction with whole organism and subunit vaccines. J. Immunol 142: 
3581-3584. 



133. Cornette, J. L., H. Margalit, C. DeLisi, and J. A. Berzofsky. 1989. Concepts and 

methods in the identification of T cell epitopes and their use in the construction of 
synthetic vaccines. Methods in Enzymol 178: 611-634. 

134. Sanui, H., T. M. Redmond, S. Kotake, B. Wiggert, L.-H. Hu, H. Margalit, J. A. 

Berzofsky, G. J. Chader, and I. Gery. 1989. Identification of an immunodominant 
and highly immunopathogenic determinant in the retinal interphotoreceptor retinoid- 
binding protein (IRBP). J. Exp. Med. 169: 1947-1960. 

135. DeGroot, A. S., A. H. Johnson, W. L. Maloy, I. A. Quakyi, E. M. Riley, A. Menon, S. 

M. Banks, J. A. Berzofsky, and M. F. Good. 1989. Human T cell recognition of 
polymorphic epitopes from malaria circumsporozoite protein. J. Immunol 142: 
4000-4005. 

136. Palker, T. J., T. J. Matthews, A. Langlois, M. E. Tanner, M. E. Martin, R.M. Scearce, J. 

E. Kim, J. A. Berzofsky, D. P. Bolognesi, and B. F, Haynes. 1989. Polyvalent 
human immunodeficiency virus synthetic immunogen comprised of envelope gpl20 
T helper cell sites and B cell neutralization epitopes. /. Immunol 142: 3612-3619. 

137. Sanza, L. R., L.M.Gierasch, J. A. Berzofsky, G. K. Buckenmeyer, K. B. Cease, and C. 

S. Ouyang. 1988. Formation of amphipathic secondary structure is correlated to T-cell 
antigenicity in a series of synthetic peptides from sperm whale myoglobin. In 
Peptides: Chemistry and Biology. G. R. Marshall, editor, ESCOM, Leiden, pp. 549- 
550. 

138. Palker, T. J., T. J. Matthews, A. Langlois, J. E. Kim, J. A. Berzofsky, D. P. Bolognesi, 

and B. F. Haynes. 1989. Multivalent synthetic peptide inoculum induces neutralizing 
antibodies to divergent HIV isolates and anamnestic T-cell responses to HIV gpl20. 
In Early Human Retroviruses. J. E. Groopman, I. Chen, M. Essex, and R. Weiss, 
editors. Alan R. Liss, New York, in press. 

139. Clerici, M., N. I. Stocks, R. A. Zajac, R. N. Boswell, D. C. Bernstein, D. L. Mann, G. 

M. Shearer, and J. A. Berzofsky. 1989. IL-2 production used to detect antigenic 
peptide recognition by T helper lymphocytes from asymptomatic, HTV seropositive 
individuals. Nature 339: 383-385. 

140. Williams, W.V., S.D. London, D.B. Weiner, S. Wadsworth, J.A. Berzofsky, F. Robey, 

D.H. Rubin, and M.L Greene. 1989. Immune response to a molecularly defined 
internal image idiotope. J. Immunol 142:4392-4400. 

141. Brett, S.J., K.B. Cease, C.S. Ouyang, and J.A. Berzofsky. 1989. Fine specificity of T 

cell recognition of the same peptide in association with different I-A molecules. 
Immunol 143: 771-779. 

142. Hale, P.M., K.B. Cease, R.A. Houghten, C. Ouyang, S. Putney, K. Javaherian, H. 

Margalit, J.L. Cornette, J.L. Spouge, C. Delisi, and J.A. Berzofsky. 1989. T cell 
multideterminant regions in the human immunodeficiency virus envelope: toward 



overcoming the problem of major histocompatibility complex restriction. Internal 
Immunol 1:409-415. 

143. Berzofsky, J.A., A. Kurata, H. Takahashi, S.J. Brett, and D J. McKean. 1989. Molecular 
studies of antigen processing and presentation to T cells by class II MHC molecules. 
In Cold Spring Harbor Symposium on Quantitative Biology LIV: Immunological 
Recognition. J.D. Watson, and J. R. Inglis, editors. Cold Spring Harbor Laboratory, 
Cold Spring Harbor, pp. 417-430. 



144. Kurata, A., T J. Palker, R.D. Streilein, R.M. Scearce, B.F. Haynes, and J. A. Berzofsky. 
1989. Immunodominant sites of human T-cell lymphotropic virus type 1 envelope 
protein for murine helper T cells. J. Immunol 143: 2024-2030. 



145. Redmond, T.M., H. Sanui, L.H. Hu, B. Wiggert, H. Margalit, J. A. Berzofsky, GJ. 

Chader, and I. Gery. 1989. Immune responses to peptides derived from the retinal 
protein IRBP: immunopathogenic determinants are not necessarily 
immunodominant. Clinical Imm unology an d Immunopathology 53: 212-224. 

146. Lark, L.R., J. A. Berzofsky, and L.M. Gierasch. 1989. T-Cell antigenic peptides from 

sperm whale myoglobin fold as amphipathic helices: a possible determinant for 
immunodominance?. Peptide Research : 2: 314-321. 

147. Vacchio, M.S., J.A. Berzofsky, U. Krzych, J.A. Smith, RJ. Hodes, and A. Finnegan. 

1989. Sequences outside a minimal immunodominant site exert negative effects on 
recognition by staphylococcal nuclease-specific T-cell clones. J. Immunol 143: 
2814-2819. 

148. Vajda, S., H. Margalit, R. Kataoka, J. L. Cornette, J. A. Berzofsky, and C. DeLisi. 

1990. Molecular structure and vaccine design. Ann. Rev. Biophys. Biophys. Chem.. 
19: 69-82.. 

149. Takahashi, H., S. Merli, S.D. Putney, R. Houghten, B. Moss, R.N. Germain, and J.A. 

Berzofsky. 1989. A single amino acid interchange yields reciprocal CTL specificities 
for HIV gpl60. Science 246: 118-121. 

150. Takahashi, H., R. Houghten, S.D. Putney, D.H. Margulies, B. Moss, R.N. Germain, and 

J.A. Berzofsky. 1989. Structural requirements for class-I MHC molecule-mediated 
antigen presentation and cytotoxic T-cell recognition of an immunodominant 
determinant of the HIV envelope protein. J. Exp. Med. 170:2023-2035. 

151. Weiss, W.R., M.F. Good, M.R. Hollingdale, L.H. Miller, and J.A. Berzofsky. 1989. 

Genetic control of immunity to Plasmodium yoelii sporozoites. J. Immunol 143: 
4263-4266. 

152. Berzofsky, J. A., P.M. Hale, M. Clerici, K.B. Cease, R.A. Houghten, S.D. Putney, R.A. 

Zajac, R.N. Boswell, H. Margalit, J.L. Cornette, J.L. Spouge, C. Delisi, and G.M. 
Shearer. 1990. Multideterminant regions of the HIV-1 envelope with sites seen by 
murine and human helper T cells: circumventing the MHC restriction problem. In 
Vaccines 90. F. Brown, R.M. Chanock, H.S. Ginsberg, and R.A. Lerner, editors. Cold 
Spring Harbor Laboratory, Cold Spring Harbor, pp. 307-312. 

153. Takahashi, H., R. Houghten, S. Merli, S.D. Putney, B. Moss, R.N. Germain, and J.A. 

Berzofsky. 1990. Immunoodominant CTL epitope of HIV-1 envelope protein: the 
relationship between viral mutation and CTL specificity. In Vaccines 90. F. Brown, 
R.M. Chanock, H.S. Ginsberg, and R.A. Lerner, editors. Cold Spring Harbor 
Laboratory, Cold Spring Harbor, pp 269-276. 

154. Vinetz, J.M., S. Kumar, M.F. Good, B.J. Fowlkes, J.A. Berzofsky, and L.H. Miller. 

1990. Adoptive transfer of CD8+ T cells from immune animals does not transfer 
immunity to blood stage Plasmodium yoelii malaria. J. Immunol 144: 1069-1074. 



155. Takahashi, H., R.N. Germain, B. Moss, and J.A. Berzofsky. 1990. An 

immunodominant class I-restricted CTL determinant of HIV- 1 induces CD4 class II- 
restricted help for itself. Exp. Med. 171: 571-576. 

156. Weiss, W.R., S. Mellouk, R.A. Houghten, M. Sedegah, S. Kumar, M.F. Good, J.A. 

Berzofsky, L.H. Miller, and S.L. Hoffman. 1990. Cytotoxic T cells recognize a 
peptide from the circumsporozoite protein on malaria infected hepatocytes. Exp. 
Med. 171: 763-773. 

157. Kotake, S., B. Wiggert, T.M. Redmond, D.E. Borst, J.M. Nickerson, H. Margalit, J.A. 

Berzofsky, G.J. Chader, and I. Gery. 1990. Repeated determinants within the retinal 
interphotoreceptor retinoid-binding protein (ERBP). Immunological properties of the 
repeats of an immunodominant determinant. Cellular Immunol, 126: 331-342. 

158. Hosmalin, A., M. Clerici, R. Houghten, CD. Pendleton, C. Flexner, D.R. Lucey, B. 

Moss, R.N. Germain, G.M. Shearer, and J.A. Berzofsky. 1990. An epitope in HIV-1 
reverse transcriptase recognized by both mouse and human CTL. Proc. Natl. Acad. 
ScL U. S. A. 87: 2344-2348. 

159. Ahlers, J., M. Clerici, A. Hosmalin, G.M. Shearer, and J.A. Berzofsky. 1990. Host 

immune response: T helper cell responses. In Techniques in HIV Research. A. 
Aldovini, and B. Walker, editors. Stockton Press, New York, pp. 21 1-222. 

160. Berzofsky, J.A. 1990. Immunogenicity of antigens recognized by T cells. In Cellular 

Immunity and the Immunotherapy of Cancer. M.T. Lotze, and OJ. Finn, editors. 
Wiley-Liss, Inc., New York, 1-22. 

161. Takahashi, H., T. Takeshita, B. Morein, S.D. Putney, R.N. Germain, and J.A. 

Berzofsky. 1990. Induction of specific CD8+ class I-MHC restricted CTL against 
HIV envelope protein by immunization with purified whole protein in ISCOMs. 
Nature, 344: 873-875. 

162. Kim, J.E., M. Kojima, R. Houghten, CD. Pendleton, J.L. Cornette, C. Delisi, and J.A. 

Berzofsky. 1990. Characterization of a helper T-cell epitope recognized by mice of a 
low responder major histocompatibility type. Molec. Immunol. 27:941-946. 

163. Weiner, D.B., W.V. William, MJ. Merva, K. Huebner, J.A. Berzofsky, and M.I. 

Greene. 1990. HIV Infectivity analysis of viral envelope determinants and target cell 
requirements for infectivity by HIV-1. In Vaccines 90. F. Brown, R.M. Chanock, H.S. 
Ginsberg, and R. A. Lerner, editors. Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor. 339-345. 

164. Kurata, A., and J.A. Berzofsky. 1990. Analysis of peptide residues interacting with 

MHC molecule or T-cell receptor: can a peptide bind in more than one way to the 
same MHC molecule?. Immunol. 144: 4526-4535. 



165. Kumar, S., J. Gorden, J.L. Flynn, J.A. Berzofsky, and L.H. Miller. 1990. Immunization 

of mice against Plasmodium vinckei with a combination of attenuated Salmonella 
typhimurium and malarial antigen. Infect Immun. 58: 3425-3429. 

166. Kozlowski, S., T. Takeshita, W. -H. Boehncke, H. Takahashi, L. F. Boyd, R. N. 

Germain, J. A. Berzofsky, and D. H. Margulies. 1991. Excess p2-microglobulin 
promotes functional peptide association with purified soluble class I MHC molecules. 
Nature 349: 74-77. 

167. Hosmalin, A., P. L. Nara, M. Zweig, N. W. Lerche, K. B. Cease, E. A. Gard, P. D. 

Markham, S. D. Putney, M. D. Daniel, R. C. Desrosiers, and J. A. Berzofsky. 1991. 
Priming with helper T-cell epitope peptides enhances the antibody response to the 
envelope glycoprotein of HIV 1 in primates. J. Immunol. 146: 1667-1673. 

168. Berzofsky, J.A. 1991. Progress towards an artificial vaccine for HIV: identification of 

helper and cytotoxic T-cell epitopes and methods of immunization. Biotech. 
Therapeutics. 2: 123-135. 

169. Berzofsky, J.A. 1991. Approaches and issues in the development of vaccines against 

HIV. J. Acq. Immune Defic. Syndromes 4: 451-459. 

170. Clerici, M., D. R. Lucey, R. A. Zajac, R. N. Boswell, H. M. Gebel, H. Takahashi, J. A. 

Berzofsky, and G. M. Shearer. 1991. Detection of cytotoxic T lymphocytes specfic 
for synthetic peptides of gpl60 in HIV-seropositive individuals. /. Immunol. 146: 
2214-2219. 

171. Culver, K.W., C. Able, R. Toper, S. Freeman, J. A. Berzofsky, and R. M. Blaese. 1990. 

Lymphocytes as vehicles for gene therapy. In Cellular Immunity and the 
Immunotherapy of Cancer. M.T. Lotze and O.J. Finn, editors. Wiley-Liss, Inc., New 
York. 129-137. 

172. Clerici, M., C. O. Tacket, C. S. Via, D. R. Lucey, S. C. Muluk, R. A. Zajac, R. N. 

Boswell, J. A. Berzofsky, and G. M. Shearer. 1991. Immunization with subunit 
human immunodeficiency virus vaccine generates stronger T helper cell immunity 
than natural infection. Eur. J. Immunol 21: 1345-1349. 

173. Takahashi, H., T. Takeshita, B. Moreln, S. Putney, R. N. Germain, and J. A. Berzofsky. 

1991. A unique subunit immunogen, ISCOM-gpl60, can elicit MHC class-I-restricted 
HIV envelope-specific CD8 + CTLs. In Vaccines 91. R.M. Chanock, H.S. Ginsberg, F. 
Brown, and R.A. Lerner, editors. Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor. 1-7. 

174. Lipham, W.J., T. M. Redmond, H. Takahashi, J. A. Berzofsky, B. Wiggert, G. J. 

Chader, and I. Gery. 1991. Recognition of peptides that are immunopathogenic but 
cryptic: Mechanisms that allow lymphocytes sensitized against cryptic peptides to 
initiate pathogenic autoimmune processes. J. Immunol 146: 3757-3762. 



175. Clerici, M, J. A. Berzofsky, G. M. Shearer, and C. O. Tacket. 1991. Exposure to HIV-1 

indicated by HIV-specific T helper cell responses before detection of infection by 
polymerase chain reaction and serum antibodies. J. Infect Dis. 1 64: 1 78- 1 82. 

176. Berzofsky, J. A. 1991. Mechanisms of T cell recognition with application to vaccine 

design. Molec. Immunol 28:217-223. 

177. Berzofsky, J. A. 1991. Development of artificial vaccines against HIV using defined 

epitopes. FASEBJ. 5:2412-2418. 

178. Berzofsky, J. A. 1991. Antigenic peptide interaction with MHC molecules: implications 

for the design of artificial vaccines. Seminars in Immunology 3: 203-216. 

179. Goodman-Snitkoff, G., M. F. Good, J. A. Berzofsky, and R. J. Mannino. 1991. Role of 

intrastructural/intermolecular help in immunization with peptide-phospholipid 
complexes. J, Immunol 147: 410-415. 

180. Berzofsky, J. A., C. D. Pendleton, M. Clerici, J. Ahlers, D. R. Lucey, S. D. Putney, and 

G. M. Shearer. 1991. Construction of peptides encompassing multideterminant 
clusters of human immunodeficiency virus envelope to induce in vitro T-cell 
responses in mice and humans of multiple MHC types. J. Clin, Invest 88: 876-884. 

181. Berzofsky, J. A. 1991. Human immunodeficiency virus: structural features of T-cell 

epitopes and their use in vaccine development. In Viruses and the Cellular Immune 
Response. D.B. Thomas, editor. Marcel Dekker,Inc, New York. 

182. Berzofsky, J.A., C. D. Pendleton, M. Clerici, J. Ahlers, D. R. Lucey, S. D. Putney, and 

G. M. Shearer. 1991. Peptides containing multideterminant clusters of Human 
Immunodeficiency Virus envelope induce murine and human T -cell responses in 
diverse histocompatibilty types. Transac. Assoc. Amer. Phys. 104: 69-77.. 

183. Ida, H., A. Kurata, K. Eguchi, A. Kawakami, K. Migita, T. Fukuda, T. Nakamura, Y. 

Kusumoto, J. A. Berzofsky, and S. Nagataki. 1991. Different B-cell responses to 
human T-cell lymphotrophic virus type I (HTLV-I) envelope synthetic peptides in 
HTLV-I-infected individuals. Journal of Clinical Immunology 11:143-151. 

184. DeGroot, A. S., M. Clerici, A. Hosmalin, S. H. Hughes, D. Barnd, C. W. Hendrix, R. A. 

Houghten, G. M. Shearer, and J. A. Berzofsky. 1991. Human immunodeficiency virus 
(HIV-1) reverse transcriptase T helper epitopes identified in mice and humans: 
Correlation with a cytotoxic T cell (CTL) epitope. 1 Infect Dis. 164: 1058-1065. 

185. Takahashi, H., Y. Nakagawa, C. D. Pendleton, R. A. Houghten, K. Yokomuro, R. N. 

Germain, and J. A. Berzofsky. 1992. Analysis of CTL crossreactivity to an HIV-1 
immunodominant determinant: elicitation of widely crossreactive CTL. In Vaccines 
92. F. Brown, R. Chanock, H. Ginsberg, and R. Lerner, editors. Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor. 69-74. 



186. Shirai, M. and J. A. Berzofsky. 1992. Promiscuity of cytotoxic T-cell epitopes from the 

HIV-1 envelope . In Vaccines 92. F. Brown, R. Chanock, H. Ginsberg, and R. Lerner, 
editors. Cold Spring Harbor Laboratory Press, Cold Spring Harbor. 243-246. 

187. Berzofsky, J. A. 1992. Progress towards artificial vaccines for HTV. In Vaccines 92. F. 

Brown, R. Chanock, H. Ginsberg, and R. Lerner, editors. Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor. 41-50. 

188. Takahashi, H., Y. Nakagawa, C. D. Pendleton, R. A. Houghten, K. Yokomuro, R. N. 

Germain, and J. A. Berzofsky. 1992. Induction of broadly crossreactive cytotoxic T 
cells recognizing an HIV-1 envelope determinant. Science , 255: 333-336. 

189. Shirai, M., C. D. Pendleton, and J. A. Berzofsky. 1992. Broad recognition of cytotoxic 

T-cell epitopes from the HIV-1 envelope protein with multiple class I 
histocompatibility molecules. J. Immunol. 148: 1657-1667. 

190. Cornette, J. L., H. Margalit, C. DeLisi, and J. A. Berzofsky. 1993. The amphipathic 

helix as a structural feature involved in T-cell recognition. In The Amphipathic Helix. 
R.M. Epand, editor. CRC Press, Boca Raton., 333-346. 

191 . Clerici, M., J. V. Giorgi, C. -C. Chou, V. K. Gudeman, J. A. Zack, P. Gupta, H. -N. Ho, 

P. G. Nishanian, J. A. Berzofsky, and G. M. Shearer. 1992. Cell mediated immune 
response to human immunodeficiency virus type I (HIV-1) in seronegative 
homosexual men with recent sexual exposure to HTV-1. J. Infect. Dis. 165: 1012- 
1019. 

192. Kozlowski, S., M. Corr, T. Takeshita, L. F. Boyd, C. D. Pendleton, R. N. Germain, J. 

A. Berzofsky, and D. H. Margulies. 1992. Serum angiotensin-1 converting enzyme 
activity processes an HTV 1 gpl60 peptide for presentation by MHC class I 
molecules. J. Exp. Med. 175: 1417-1422. 

193. Kullberg, M. C, E. J. Pearce, S. E. Hieny, A. Sher, and J. A. Berzofsky. 1992. Infection 

with Schistosoma mansoni alters Thl/Th2 cytokine responses to a non-parasite 
antigen. J. Immunol. 148: 3264-3270. 

194. Sher, A., R. T. Gazzinelli, I. P. Oswald, M. Clerici, M. Kullberg, E. J. Pearce, J. A. 

Berzofsky, T. R. Mosmann, S. L. James, H. C. Morse,III, and G. M. Shearer. 1992. 
Role of T-cell derived cytokines in the downregulation of immune responses in 
parasitic and retroviral infection. Immunological Reviews 127: 183-204. 

195. Shirai, M., T. Akatsuka, C. D. Pendleton, R. Houghten, C. Wychowski, K. Mihalik, S. 

Feinstone, and J. A. Berzofsky. 1992. Induction of cytotoxic T cells to a crossreactive 
epitope in the hepatitis C viral nonstructural RNA polymerase-like protein. J. Virol. 
66: 4098-4106. 

196. Clerici, M., J. A. Berzofsky, G. M. Shearer, J. V. Giorgi, and C. Tacket. 1992. On HTV- 

serologic testing of blood and tissue donors. New Engl. J. Med. 327: 564-565 (letter). 



197. Quakyi, I. A., D. W. Taylor, A. H. Johnson, J. B. Allotey, J. A. Berzofsky, L. H. Miller, 

and M. F. Good. 1992. Development of a malaria T-cell vaccine for blood stage 
immunity. Scand. J. Immunol 36 (Suppl. 11):9-16. 

198. Hosmalin, A., S. Kumar, D. Barnd, R. Houghten, G. E. Smith, S. H. Hughes, and J. A. 

Berzofsky. 1992. Immunization with soluble protein-pulsed spleen cells induces class 
I-restricted CTL that recognize immunodominant epitopic peptides from P. 
falciparum and HIV-1. J. Immunol 149: 1311-1318. 

199. Weiss, W. R., J. A. Berzofsky, R. A. Houghten, M. Sedegah, M. Hollindale, and S. L. 

Hoffman. 1992. A T cell clone directed at the circumsporozoite protein which 
protects mice against both Plasmodium yoelii and Plasmodium berghei. J. 
Immunol 149:2103-2109. 

200. Actor, J. K., M. Shirai, M. C. Kullberg, R. M. L. Buller, A. Sher, and J. A. Berzofsky. 

1993. Helminth infection results in decreased virus-specific CD8 + cytotoxic T-cell 
and Thl cytokine responses as well as delayed virus clearance. Proa Natl Acad. ScL 
USA 90: 948-952. 



201. Boehncke, W. -H., T. Takeshita, C. D. Pendleton, S. Sadegh-Nasseri, L. Racioppi, R. A. 

Houghten, J. A. Berzofsky, and R. N. Germain. 1993. The importance of dominant 
negative effects of amino acids side chain substitution in peptide-MHC molecule 
interactions and T cell recognition. J, Immunol 150: 331-341. 

202. Takahashi, H., Y. Nakagawa, M. Takeuchi, K. Yokomuro, and J. A. Berzofsky. 1993. 

Elicitation of CD8+ class-I-restricted CTLs by immunization with syngeneic 
irradiated HIV-1 envelope-derived peptide-pulsed splenic dendritic cells. In Vaccines 
93. F. Brown, R.M. Chanock, H.S. Ginsberg, and R.A. Lerner, editors. Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor. 

203. Berzofsky, J. A. and I. J. Berkower. 1993. Immunogenicity and antigen structure. In 

Fundamental Immunology. 3rd Edn. W.E. Paul, editor. Raven Press, New York., pp. 
235-282. 

204. Berzofsky, J. A., I. J. Berkower, and S. L. Epstein. 1993. Antigen-antibody interactions 

and monoclonal antibodies. In Fundamental Immunology. 3rd Edn. W.E. Paul, 
editor. Raven Press, New York. , pp. 421-465. 

205. Berzofsky, J. A. 1995. Immunogenicity and Antigenicity. In Samter's Immunological 

Diseases . MM. Frank, K.F. Austen, H.N. Claman, and E.R. Unanue, editors. Little, 
Brown, and Company, Boston, pp. 17-32.. 

206. Berzofsky, J. A. 1993. Epitope selection and design of synthetic vaccines: molecular 

approaches to enhancing immunogenicity and crossreactivity of engineered vaccines. 
Annals of the New York Academy of Sciences , 690: 256-264. 

207. Ahlers, J. D., C. D. Pendleton, N. Dunlop, A. Minassian, P. L. Nara, and J. A. 

Berzofsky. 1993. Construction of an HIV-1 peptide vaccine containing a 
multideterminant helper peptide linked to a V3 loop peptide 18 inducing strong 
neutralizing antibody responses in mice of multiple MHC haplotypes following two 
immunizations. J. Immunol 150: 5647-5665. 

208. Wasserman, G. M., S. Kumar, J. Ahlers, F. Ramsdell, J. A. Berzofsky, and L. H. Miller. 

1993. An approach to development of specfic T lymphocyte lines using preprocessed 
antigens in murine malaria Plasmodium vinckei vinckei. Infect Immun. 61: 1958- 
1963. 

209. Takahashi, H., Y. Nakagawa, K. Yokomuro, and J. A. Berzofsky. 1993. Induction of 

CD8+ CTL by immunization with syngeneic irradiated HIV-1 envelope derived 
peptide-pulsed dendritic cells. Internat Immunol 5: 849-857. 

210. Shirai, M., M. S. Vacchio, R. J. Hodes, and J. A. Berzofsky. 1993. Preferential Vp usage 

by cytotoxic T cells crossreactive between two epitopes of HIV-1 gpl60 and 
degenerate in class I MHC restriction. J. Immunol 151: 2283-2295. 



211. Yanuck, M., D. P. Carbone, C. D. Pendleton, T. Tsukui, S. F. Winter, J. D. Minna, and 
J. A. Berzofsky. 1993. A mutant p53 tumor suppressor protein is a target for peptide- 
induced CD8 + cytotoxic T cells. Cancer. Res. 53: 3257-3261. 



212. Takeshita, T., S. Kozlowski, R. D. England, R. Brower, J. Schneck, H. Takahashi, C. 

DeLisi, D. H. Margulies, and J. A. Berzofsky. 1993. Role of conserved regions of 
class I MHC molecules in the activation of CD8+ CTL by peptide and purified cell- 
free class I molecules. Internal Immunol 5: 1 129-1 138. 

213. Kozlowski, S., M. Corr, M. Shirai, L. F. Boyd, C. D. Pendleton, J. A. Berzofsky, and D. 

H. Margulies. 1993. Multiple pathways are involved in the extracellular processing of 
major histocompatibility complex class I-restricted peptides. J. Immunol 151: 

4033-4044. 

214. Williams, M. E., M. C. Kullberg, S. Barbieri, P. Caspar, J. A. Berzofsky, R. A. Seder, 

and A. Sher. 1993. FceR + cells are a major source of antigen induced IL-4 in spleens 
of mice infected with Schistosoma mansoni . Eur. J. Immunol 23: 1910-1916. 

215. Shirai, M., C. D. Pendleton, J. Ahlers, T. Takeshita, M. Newman, and J. A. Berzofsky. 

1994. Helper-CTL determinant linkage required for priming of anti-HIV CD8+ CTL 
in vivo with peptide vaccine constructs. J. Immunol 152: 549-556. 

216. Clerici, M., A. V. Sison, J. A. Berzofsky, T. A. Rakusan, C. D. Brandt, M. Ellaurie, M. 

Villa, C. Colie, D. J. Venzon, J. L. Sever, and G. M. Shearer. 1993. Cellular immune 
factors associated with mother-to-infant transmission of HIV. AIDS 7:1427-1433. 

217. Clerici, M., D. R. Lucey, J. A. Berzofsky, L. A. Pinto, T. A. Wynn, S. P. Blatt, M. J. 

Dolan, C. W. Hendrix, S. F. Wolf, and G. M. Shearer. 1993. Restoration of HIV- 
specific cell-mediated immune responses by interleukin-12 in vitro. Science 262: 
1721-1724. 

218. Clerici, M., T. A. Wynn, J. A. Berzofsky, S. P. Blatt, C. W. Hendrix, A. Sher, R. L. 

Coffinan, and G. M. Shearer. 1994. Role of interleukin-10 (IL-10) in T helper cell 
dysfunction in asymptomatic individuals infected with the human immunodeficiency 
virus (HIV-1). 1 Clin. Invest 93: 768-775. 

219. Cease, K. B. and J. A. Berzofsky. 1994. Towards a vaccine for AIDS: the emergence of 

immunobiology-based vaccine development. Annu. Rev. Immunol. 12: 923-989. 

220. Altuvia, Y., J. A. Berzofsky, R. Rosenfeld, and H. Margalit. 1994. Sequence features 

that correlate with MHC restriction . Molec. Immunol 31: 1-19. 

221. Berzofsky, J. A., J. D. Ahlers, M. Shirai, C. D. Pendleton, T. Takeshita, N. Dunlop, A. 

Minassian, M. Newman, and P. L. Nara. 1994. Construction of candidate synthetic 
peptide vaccines for HIV-1. In Vaccines 94: Modem approaches to new vaccines 
including prevention of AIDS. E. Norrby, F. Brown, R.M. Chanock, and H.S. 
Ginsberg, editors. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, pp. 
147-153. 



222. Takahashi, H., T. Takeshita, S. Kozlowski, Y. Nakagawa, J. Ahlers, C. D. Pendleton, R. 

L. Moore, B. S. Fox, K. Yokomuro, D. H. Margulies, and J. A. Berzofsky. 1994. An 
immunodominant determinant of HIV- 1 envelope recognized by both class-I- 

restricted CD8 + CTLs and class II-restricted CD4 + helper T cells shares similar 
MHC-binding sites. In Vaccines 94; Modern approaches to new vaccines including 
prevention of AIDS. E. Norrby, F. Brown, R.M. Chanock, and H.S. Ginsberg, editors. 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, pp. 181-188. 

223. Clerici, M., J. M. Levin, H. A. Kessler, A. Harris, J. A. Berzofsky, A. L. Landay, and G. 

M. Shearer. 1994. HIV-specific T-helper activity in seronegative health care workers 
exposed to contaminated blood. Amer. Med. Assoc. 271:42-46. 

224. Clerici, M. and J. A. Berzofsky. 1994. Cellular immunity and cytokines in HIV infection 

.AIDS 8:S175-S182. 

225. Wiedenfeld, E. A., M. Fernandez-Vina, J. A. Berzofsky, and D. P. Carbone, 1994. 

Evidence for selection against human lung cancers bearing p53 missense mutations 
which occur within the HLA A *0201 peptide consensus motif . Cancer Res. 
54:1175-1177. 

226. Weissler, J. C, L. E. Rosenberg, and J. A. Berzofsky. 1994. The spring meetings: Back 

to the future. J. Clin. Invest. 93:457-458. 

227. Shirai, M., H. Okada, M. Nishioka, T. Akatsuka, C. Wychowski, R. Houghten, C. D. 

Pendleton, S. M. Feinstone, and J. A. Berzofsky. 1994. An epitope in hepatitis C virus 
core region recognized by cytotoxic T cells in mice and humans. J. Virol 68:3334- 
3342. 

228. Kozhich, A. T., Y. -I. Kawano, C. E. Egwuagu, R. R. Caspi, R. K. Maturi, J. A. 

Berzofsky, and I. Gery. 1994. A pathogenic autoimmune process targeted at a 
surrogate epitope. J. Exp. Med. 180: 133-140. 

229. Bermas, B. L., M. Petri, J, A. Berzofsky, A. Waisman, G. M. Shearer, and E. Mozes. 

1994. Autoantibodies in mice with experimentally induced systemic lupus 
erythematosus (SLE) and patients with SLE bind gpl20 and peptides from the HIV-1 
envelope. AIDS Res. Hum. Retroviruses. 10: 1071-1077. 

230. Berzofsky, J. A. 1994. Presidential address to the American Society for Clinical 

Investigation, Baltimore, Maryland, 30 April, 1994: Cross-fertilization among fields: 
a seminal event in the progress of biomedical research. J. Clin. Invest. 94: 911-918. 

231. Brower, R. C, R. England, T. Takeshita, S. Kozlowski, D. H. Margulies, J. A. 

Berzofsky, and C. DeLisi. 1994. Minimal requirements for peptide mediated 

activation of CD8+ CTL. Molec. Immunol. 31: 1285-1293. 

232. Quakyi, I. A., J. Currier, A. Fell, D. W. Taylor, T. Roberts, R. A. Houghten, R. D. 

England, J. A. Berzofsky, L. H. Miller, and M. F. |] Good. 1994. Analysis of human 



T cell clones specific for conserved peptide sequences within malaria proteins: 
paucity of clones responsive to intact parasites. J. Immunol 153: 2082-2092. 



233. Nishimura, M., A. G. Kermode, M. Clerici, G. M. Shearer, J. A. Berzofsky, T. 

Uchiyama, S. Z. Wiktor, E. Pate, B. Maloney, A. Manns, W. Blattner, and S. 
Jacobson. 1994. Demonstration of human T lymphotropic virus type (HTLV-I)- 
specific T cell responses from seronegative and polymerase chain reaction-negative 
persons exposed to HTLV-I. J. Infect Dis. 170:334-338. 

234. Actor, J. K., M. A. Marshall, I. A. Eltoum, R. M. L. Buller, J. A. Berzofsky, and A. 

Sher. 1994. Increased susceptibility of mice infected with Schistosoma mansoni to 
recombinant vaccinia virus: association of viral persistence with egg granuloma 
formation. Eur, J. Immunol 24: 3050-3056. 

235. Meister, G. E., C. G. P. Roberts, J. A. Berzofsky, and A. S. DeGroot. 1995. Two novel 

T cell epitope prediction algorithms based on MHC-binding motifs; comparison of 
predicted and published epitopes from Mycobacterium tuberculosis and HTV protein 
sequences. Vaccine , 13: 581-591. 

236. Takeshita, T., H. Takahashi, S. Kozlowski, J. D. Ahlers, C. D. Pendleton, R. L. Moore, 

Y. Nakagawa, K. Yokomuro, B. S. Fox, D. H. Margulies, and J. A. Berzofsky. 1995. 
Molecular analysis of the same HIV peptide functionally binding to both a class I and 
a class n MHC molecule. 1 Immunol 154: 1973-1986. 

237. Berzofsky, J. A., J. D. Ahlers, M. Alexander-Miller, T. Tsukui, C. D. Pendleton, N. 

Dunlop, D. P. Carbone, and P. L. Nara. 1995. Developing synthetic peptide vaccines 
for HIV-1. In Molecular approaches to the control of infectious deseases. F. Brown, 
R. Chanock, H.S. Ginsberg, and E. Norrby, editors. Cold Spring Harbor Laboratory, 
Cold Spring Harbor, 135-142. 

238. Berzofsky, J. A. and I. J. Berkower. 1995. Novel approaches to peptide and engineered 

protein vaccines for HIV using defined epitopes: advances in 1994-95. AIDS 9: 
S143-157. 

239. Shirai, M., T. Arichi, M. Nishioka, T. Nomura, K. Ikeda, K. Kawanishi, V. H. 

Engelhard, S. M. Feinstone, and J. A. Berzofsky. 1995. Cytotoxic T lymphocyte 
(CTL) responses of HLA-A2.1 -transgenic mice specific for hepatitis C viral peptides 
predict epitopes for CTL of humans carrying HLA-A2.1. J. Immunol 154: 2733- 
2742. 

240. Battegay, M., J. Fikes, A. M. Di Bisceglie, P. A. Wentworth, A. Sette, E. Celis, W. -M. 

Ching, A. Grakoui, C. M. Rice, K. Kurokohchi, J. A. Berzofsky, J. H. Hoofhagle, S. 
M. Feinstone, and T. Akatsuka. 1995. Patients with chronic hepatitis C have 
circulating cytotoxic T cells which recognize hepatitis C virusS-encoded peptides 
binding to HLA-A2.1 molecules. J. Virol 69:2462-2470. 

241. Berzofsky, J. A. 1995. Designing peptide vaccines to broaden recognition and enhance 

potency. Ann. K Y. Acad, ScL 754: 161-168. 



242. Malik, A., R. Houghten, G. Corradin, S. Buus, J. A. Berzofsky, and S. L. Hoffman. 
1995. Identification of anonameric H-2K k -restricted CD8+ cytotoxic lymphocyte 
epitope on the Plasmodium falciparum circumsporozoite protein. Infect Immun. 63 
1955-1959. 



243. Pinto, L. A., J. Sullivan, J. A. Berzofsky, M. Clerici, H. A. Kessler, A. L. Landay, and 

G. M. Shearer. 1995. ifov-specific cytotoxic T lymphocyte responses in HIV 
seronegative health care workers occupationally exposed to HIV-contaminated body 
fluids. J. Clin. Invest 96: 867-876. 

244. Cornette, J. L., H. Margalit, J. A. Berzofsky, and C. DeLisi. 1995. Periodic variation in 

side chain polarities of T cell antigenic peptides correlates with their structure and 
activity. Proc. Nat Acad. Set USA. 92: 8368-8372. 

245. England, R. E., M. C. Kullberg, J. L. Cornette, and J. A. Berzofsky. 1995. Molecular 

analysis of a heteroclitic T-cell response to the immunodominant epitope of sperm 
whale myoglobin: implications for peptide partial agonists. J. Immunol 155: 4295- 
4306. 

246. Shirai, M., M. Chen, T. Arichi, M. Nishioka, M. Newman, T. Nakazawa, S. M. 

Feinstone, and J. A. Berzofsky. 1996. Use of intrinsic and extrinsic helper epitopes 
for in vivo induction of anti-hepatitis C virus cytotoxic T lymphocytes (CTL) with 
CTL epitope peptide vaccines. J. Infect Dis. 173: 24-31. 

247. Shearer, G. M., M. Clerici, A. Sarin, J. A. Berzofsky, and P. A. Henkart. 1995. 

Cytokines in immune regulation/pathogenesis in HIV infection. Ciba Foundation 
Symposium 195: 142-153 (Wiley, Chichester). 

248. Seder, R. A., K. H. Grabstein, J. A. Berzofsky, and J. F. McDyer. 1995. Cytokine 

interactions in human immunodeficiency virus-infected individuals: Roles of 
interleukin (IL)-2, IL-12, and IL-15. J. Exp. Med. 182:1067-1078. 

249. Kurokohchi, K., T. Akatsuka, C. D. Pendleton, A. Takamizawa, M. Nishioka, M. 

Battegay, S. M. Feinstone, and J. A. Berzofsky. 1996. Use of recombinant protein to 
identify a motif-negative human CTL epitope presented by HLA-A2 in the hepatitis C 
virus NS3 region. J. Virol 70: 232-240. 

250. Takahashi, H., Y. Nakagawa, G. Leggatt, Y. Ishida, T. Saito, K. Yokomuro, and J. A. 

Berzofsky. 1996. Inactivation of HIV- 1 envelope-specific CD8+ cytotoxic T 
lymphocytes by free antigenic peptide: A self-veto mechanism? J. Exp. Med. 183: 
879-889. 

251. Ahlers, J. D., N. Dunlop, C. D. Pendleton, M. Newman, P. L. Nara, and J. A. Berzofsky. 

1996. Candidate HIV-1 multideterminant cluster peptide-P18MN vaccine constructs 
elicit Thl helper T cells, cytotoxic T cells, and neutralizing antibody, all using the 
same adjuvant immunization, AIDS Res. Hum. Retroviruses 12: 259-272. 

252. Kurokohchi, K., M. Carrington, D. L. Mann, T. B. Simonis, S. M. Feinstone, T. 

Akatsuka, and J. A. Berzofsky. 1996. Expression of HLA class I molecules and the 
transporter associated with antigen preocessing (TAP) in hepatocellular carcinoma. 
Hepatology 23: 1181-1188. 



253. Kullberg, M. C M J. A. Berzofsky, D. Lj. Jankovic, S. Barbieri, M. E. Williams, P. 

Perlmann, A. Sher, and M. Troye-Blomberg. 1996. T-cell-derived IL-3 induces the 
production of IL-4 by non-B, non-T cells to amplify the Th2-cytokine response to a 
non-parasite antigen in Schistosoma mansoni-infected mice. J. Immunol 156: 1482- 
1489. 

254. Quakyi, I. A., L. H. Miller, M. F. Good, J. D. Ahlers, S. N. Isaacs, J. H. Nunberg, R. A. 

Houghten, D. B. Keister, J. E. Coligan, B. Moss, D. Ailing, J. A. Berzofsky, and D. 
C. Kaslow. 1995. Synthetic Peptides from P. falciparum sexual stage 25-kDa protein 
induce antibodies that react with the native protein: the role of IL-2 and 
conformational structure on immunogenicity of Pfs25. Peptide Research 8: 335-344. 

255. Ciemik, I. F., J. A. Berzofsky, and D. P. Carbone. 1995. Mutant oncopeptide 

immunization induces CTL specifically lysing tumor cells endogenously expressing 
the corresponding intact mutant p53. Hybridoma 14:139-142. 

256. Alexander-Miller, M. A., K. C. Parker, T. Tsukui, C. D. Pendleton, J. E. Coligan, and J. 

A. Berzofsky. 1996. Molecular analysis of presentation by HLA-A2.1 of a 
promiscuously binding V3 loop peptide from the HIV-1 envelope protein to human 
CTL. Int. Immunol 8: 641-649. 

257. Alexander-Miller, M. A., G. R. Leggatt, and J. A. Berzofsky. 1996. Selective expansion 

of high or low avidity cytotoxic T lymphocytes and efficacy for adoptive 
immunotherapy. Proc. Natl Acad. Set U. S. A. 93: 4102-4107. 

258. Roberts, C. G. P., G. E. Meister, B. TV Jesdale, J. Lieberman, J. A. Berzofsky, and A. S. 

DeGroot. 1996. Prediction of HIV peptide epitopes by a novel algorithm. AIDS Res. 
Hum. Retroviruses 12: 593-610. 

259. Landay, A. L., M. Clerici, F. Hashemi, H. Kessler, J. A. Berzofsky, and G. M. Shearer. 

1996. In vitro restoration of T cell immune function in human immunodeficiency 
virus-positive persons: effects of interleukin (IL)-12 and anti-IL-10. J. Infect Dis. 
173: 1085-1091. 

260. Ciernik, I. F., J. A. Berzofsky, and D. P. Carbone. 1996. Human lung cancer cells 

endogenously expressing mutant p53 process and present the mutant epitope, and are 
lysed by mutant-specific CTL. Clin. Cancer. Res. 2: 877-882.. 

261. Ciernik, I. F., J. A. Berzofsky, and D. P. Carbone. 1996. Induction of cytotoxic T 

lymphocytes and anti-tumor immunity with DNA vaccines expressing single T cell 
epitopes. /. Immunol. 156: 2369-2375. 

262. Gabrilovich, D. I., S. Nadaf, J. Corak, J. A. Berzofsky, and D. P. Carbone. 1996. 

Dendritic cells in anti-tumor immune reponses. II. Dendritic cells grown from bone 
marrow precursors, but not mature DC from tumor-bearing mice are effective antigen 
carriers in the therapy of established tumors.. Cellular Immunol 170: 1 11-1 19. 



263. Clerici, M., A. Sarin, J. A. Berzofsky, A. L. Landay, H. A. Kessler, F. Hashemi, C. W. 

Hendrix, S. P. Blatt, J. Rusnak, M. J. Dolan, R. L. Coffinan, P. A. Henkart, and G. M. 
Shearer. 1996. Antigen-stimulated apoptotic T cell death in HIV infection is selective 
for CD4 + T cells, modulated by cytokines and effected by lymphotoxin. AIDS 10: 
603-611. 

264. Tian, J. -H., L. H. Miller, D. C. Kaslow, J. Ahlers, M. F. Good, D. W. Ailing, J. A. 

Berzofsky, and S. Kumar. 1996. Genetic regulation of protective immune response in 
congenic strains of mice vaccinated with a subunit malaria vaccine. J. Immunol 157: 
1176-1183. 

265. Alexander-Miller, M. A., G. R. Leggatt, A. Sarin, and J. A. Berzofsky. 1996. Role of 

antigen, CD8, and CTL avidity in high dose antigen induction of apoptosis of effector 
CTL. J, Exp. Med. 184: 485-492. 

266. Tsukui, T., A. Hildesheim, M. H. Schiffinan, J. Lucci III, D. Contois, P. Lawler, B. B. 

Rush, A. T. Lorincz, A. Corrigan, R. D. Burk, W. Qu, M. A. Marshall, D. Mann, M. 
Carrington, M. Clerici, G. M. Shearer, D. P. Carbone, D. R. Scott, R. A. Houghten, 
and J. A. Berzofsky. 1996. IL-2 production in vitro by peripheral lymphocytes in 
response to human papillomavirus-derived peptides: correlation with cervical 
pathology. Cancer Res. 56: 3967-3974. 

267. Huang, X., M. C. Smith, J. A. Berzofsky, and J. J. Jr. Barchi. 1996. Structural 

comparison of a 15 residue peptide from the V3 loop of HIV-lnTR and an O- 
glycosylated analogue. FEBS Letters 393: 280-286. 

268. Shirai, M., K. Kurokohchi, C. D. Pendleton, T. Arichi, L. F. Boyd, H. Takahashi, D. H. 

Margulies, and J. A. Berzofsky. 1996. Reciprocal CTL cross-reactivity interactions 
between two major epitopes within HTVM gpl60. J. Immunol , 157: 4399-441 1. 

269. Leggatt, G. R., M. A. Alexander-Miller, A. Kumar (nee Malik), S. L. Hoffman, and J. 

A. Berzofsky. 1997. Cytotoxic T lymphocyte (CTL) adherence assay (CAA): A non- 
radioactive assay for murine CTL recognition of peptide-MHC class I complexes. J. 
Immunol Methods, 201: 1-10. 

270. Sarin, A., M. S. Williams, M. A. Alexander-Miller, J. A. Berzofsky, C. M. Zacharchuk, 

and P. A. Henkart. 1997. Target cell lysis by CTL granule exocytosis is independent 
of ICE/Ced-3 family proteases. Immunity 6: 209-215. 

271. Saito, T., G. J. Sherman, K. Kurokohchi, Z. -P. Guo, M. Donets, M. -Y. W. Yu, J. A. 

Berzofsky, T. Akatsuka, and S. M. Feinstone. 1997. Plasmid DNA-based 
immunization for hepatitis C virus structural proteins, immune responses in mice. 
Gastroenterology 112: 1321-1330. 

272. Shirai, M., S. Kozlowski, D. H. Margulies, and J. A. Berzofsky. 1997. Degenerate MHC 

restriction reveals the contribution of class I MHC molecules in determining the fine 



specificity of CTL recognition of an immunodominant determinant of HTV-1 gpl60 
V3 loop. 1 Immunol 158: 3181-3188. 

273. Ahlers, J. D., N. Dunlop, D. W. Ailing, P. L. Nara, and J. A. Berzofsky. 1997. Cytokine- 

in-adjuvant steering of the immune response phenotype to HIV-1 vaccine constructs: 
GM-CSF and TNFot synergize with IL-12 to enhance induction of CTL. J. Immunol 
158: 3947-3958. 

274. Kozhich, A. T., R. R. Caspi, J. A. Berzofsky, and I. Gery. 1997. Immunogenicity and 

immimopathogenicity of an autoimmune epitope are potentiated by increasing MHC 
binding through residue substitution. J, Immunol 158:41 45-4 151. 

275. Zhang, C, J. L. Cornette, J. A. Berzofsky, and C. DeLisi. 1997. The organization of 

human leukocyte antigen class I epitopes in HTV genome products: Implications for 
HIV evolution and vaccine design. Vaccine 15: 1291-1302. 

276. Smith, M. C, C. D. Pendleton, V. E. Maher, M. J. Kelley, D. P. Carbone, and 

J. A. Berzofsky. 1997. Oncogenic mutations in ras create HLA-A2.1 binding peptides 
but affect their extracellular processing. Internat Immunol 9: 1085-1093. 

277. Goletz, T. J., K. R. Klimpel, S. H. Leppla, J. M. Keith, and J. A. Berzofsky. 1997. 

Delivery of antigens to the MHC class I pathway using bacterial toxins. Hum. 
Immunol 54: 129-136.. 

278. DeGroot, A. S., B. M. Jesdale, and J. A. Berzofsky. 1998. Prediction and determination 

of MHC ligands and T cell epitopes. In Immunological Methods in Microbiology 
Vol. 25. Immunology of Infection. S.H.E. Kaufmann and D. Kabelitz, editors. 
Academic Press, London, Chap. 3, pp. 79-106. 

279. Hirunpetcharat, C, J. -H. Tian, D. C. Kaslow, N. van Rooijen, S. Kumar, J. A. 

Berzofsky, L. H. Miller, and M. F. Good. 1997. Complete protective immunity 
induced in mice by immunization with the 19kDa carboxyterminal fragment of the 
merozoite surface protein- 1 (MSP 1 19) of Plasmodium yoelii expressed in 
Saccharomyces cerevisiae: Correlation of protection with antigen-specific antibody 
titer, but not effector CD4+ T cells. 1 Immunol 159: 3400-341 1. 

280. DeGroot, A. S., G. E. Meister, J. L. Cornette, H. Margalit, C. DeLisi, and J. A. 

Berzofsky. 1997. Computer prediction of T-cell epitopes. In New Generation 
Vaccines. M.M. Levine, G.C. Woodrow, J.B. Kaper, and G.S. Cobon, editors. Marcel 
Dekker, Inc., New York. 127-138. 

281. Ahlers, J. D., T. Takeshita, C D. Pendleton, and J. A. Berzofsky. 1997. Enhanced 

immunogenicity of HIV-1 vaccine construct by modification of the native peptide 
sequence. Proa Natl Acad Set a S. A. 94: 10856-10861. 



282. Shirai, M, T. Arichi, T. Nakazawa, and J. A. Berzofsky. 1998. Persistent infection by 

Helicobacter pylori downmodulates virus-specific CD8 + cytotoxic T cell response 
and prolongs viral infection. J. Infect Dis. 177: 72-80. 

283. Goletz, T.J., K. R. Klimpel, N. Arora, S. H. Leppla, J. M. Keith, and J. A. Berzofsky. 

1997. Targeting HIV proteins to the major histocompatibility complex class I 
processing pathway with a novel gpl20-anthrax toxin fusion protein. Proc. Natl 
Acad. ScL U.S.A. 94: 12059-12064. 

284. Belyakov, I. M., M. A. Derby, J. D. Ahlers, B. L. Kelsall, P. Earl, B. Moss, W. Strober, 

and J. A. Berzofsky. 1998. Mucosal immunization with HIV-1 peptide vaccine 
induces mucosal and systemic cytotoxic T lymphocytes and protective immunity in 
mice against intrarectal recombinant HIV- vaccinia challenge. Proc. Natl Acad. Sci. 
95:1709-1714. 

285. Hildesheim, A., M. H. Schiffinan, T. Tsukui, C. A. Swanson, J. Lucci, D. R. Scott, A. 

G. Glass, B. B. Rush, A. t. Lorincz, A. Corrigan, R. D. Burk, K. Helgesen, R. A. 
Houghten, M. E. Sherman, R. J. Kurman, J. A. Berzofsky, and T. R. Kramer. 1997. 
Immune activation in cervical neoplasia: Cross-sectional association between plasma 
soluble interleukin 2 receptor levels and disease. Cancer Epidemiol Biomark. Preven. 
6:807-813. 

286. Leggatt, G. R. and J. A. Berzofsky. 1999. Cytotoxic T cell adherence assay (CAA). In 

Methods in Molecular Biology Series : T cell protocols. K. Kearse, editor. Humana 
Press, Totowa, NJ.,134: 277-281. 



287. Belyakov, I. M., L. S. Wyatt, J. D. Ahlers, P. Earl, C. D. Pendleton, B. L. Kelsall, W. 

Strober, B. Moss, and J. A. Berzofsky. 1998. Induction of mucosal CTL response by 
intrarectal immunization with a replication-deficient recombinant vaccinia virus 
expressing HIV 89.6 envelope protein. J. Virol 72: 8264-8272. 

288. Leggatt, G. R., A. Hosmalin, C. D. Pendleton, A. Kumar, S. Hoffinan, and J. A. 

Berzofsky. 1998. The importance of pairwise interactions between peptide residues in 
the delineation of T cell receptor specificity. J Immunol. 161 : 4728-4735 : 

289. Sarobe, P., C. D. Pendleton, T. Akatsuka, D. Lau, V. H. Engelhard, S. M. Feinstone, and 

J. A. Berzofsky. 1998. Enhanced in vitro potency and in vivo immunogenicity of a 
CTL epitope from hepatitis C virus core protein following amino acid replacement at 
secondary HLA-A2.1 binding positions. J. Clin. Invest. 102: 1239-1248. 

290. Alexander-Miller, M. A., M. A. Derby, A. Sarin, P. A. Henkart, and J. A. Berzofsky. 

1998. Supra-optimal peptide/MHC causes a decrease in Bcl-2 and allows TNF-a 
•receptor II-mediated apoptosis of CTL. J. Exp. Med. 188: 1391-1399. 

291. Berzofsky, J. A., I. J. Berkower, and S. L. Epstein. 1999. Antigen-antibody interactions 

and monoclonal antibodies. In Fundamental Immunology. W.E. Paul, editor. 
Lippincott-Raven, Philadelphia. 75-110. 

292. Berzofsky, J. A. and I. J. Berkower. 1999. Immunogenicity and antigen structure. In 

Fundamental Immunology. W.E. Paul, editor. Lippincott-Raven, Philadelphia. 651- 
699. 

293. Goletz, T. J., C. L. Mackall, J. A. Berzofsky, and L. J. Helman. 1998. Molecular 

alterations in pediatric sarcomas: potential targets for immunotherapy. Sarcoma 2:77- 
87. 

294. Shirai, M., T. Arichi, M. Chen, M. Nishioka, K. Ikeda, H. Takahashi, N. Enomoto, T. 

Saito, M. E. Major, T. Nakazawa, T. Akatsuka, S. M. Feinstone, and J. A. Berzofsky. 

1999. T cell recognition of hypervariable region 1 from hepatitis C virus envelope 
protein with multiple class II MHC molecules in mice and humans: Preferential help 
for induction of antibodies to the hypervariable region.. J. Immunol. 162: 568-576. 

295. Oscherwitz, J., F. M. Gotch, K. B. Cease, and J. A. Berzofsky. 1999. New insights and 

approaches regarding B and T cell epitopes in HIV vaccine design. AIDS , 13 (Suppl. 
A): S163-S174. 

296. Suh, W-K., M. A. Derby, M. F. Cohen-Doyle, G. J. Schoenhals, K. Friih, J. A. 

Berzofsky, and D. B. Williams. 1999. Interaction of murine MHC class I molecules 
with tapasin and TAP enhances peptide loading and involves the heavy chain a3 
domain. J. Immunol. 162: 1530-1540. 



297. Belyakov, I. M., J. D. Ahlers, B. Y. Brandwein, P. Earl, B. L. Kelsall, B. Moss, W. 

Strober, and J. A. Berzofsky. 1998. The importance of local mucosal HIV-specific 
CD8 + cytotoxic T lymphocytes for resistance to mucosal-viral transmission inifmice 
andffenhancement of resistance by local administration of IL-12. J. Clin. Invest. 102: 
2072-2081. 

298. D'Amico, R., L. A. Pinto, P. Meyer, A. L. Landay, A. A. Harris, M. Clerici, J. A. 

Berzofsky, G. M. Shearer, and H. A. Kessler. 1999. Effect of zidovudine 
postexposure prophylaxis on the department of HIV-specific cytotoxic T-lymphocyte 
responses in HIV-exposed health care workers. Infection Control and Hospital 
Epidemiology , 20: 428-430. 

299. McDyer, J. F., M. Dybul, T. J. Goletz, A. L. Kinter, E. K. Thomas, J. A. Berzofsky, A. 

S. Fauci, and R. A. Seder. 1999. Differential effects of CD40 ligand/trimer 
stimulation on the ability of dendritic cells to replicate and transmit HTV infection: 
Evidence for CC-chemokine-dependent and -independent mechanisms. /. Immunol. , 
162: 3711-3717. 

300. Belyakov, I. M., B. Moss, W. Strober, and J. A. Berzofsky. 1999. Mucosal vaccination 

overcomes the barrier to recombinant vaccinia immunization caused by preexisting 
poxvirus immunity. Proc. Natl. Acad. Sci. U. S. A. 96: 4512-4517. 

301. Berzofsky, J. A., J. D. Ahlers, M. A. Derby, C. D. Pendleton, T. Arichi, and I. M. 

Belyakov. 1999. Approaches to improve engineered vaccines for HIV and other 
viruses that cause chronic infections. Immunological Reviews 170: 151-172. 

302. Matsui, S., J. D. Ahlers, A. O. Vortmeyer, M. Terabe, T. Tsukui, D. P. Carbone, L. A. 

Liotta, and J. Berzofsky. 1999. A model for CD8 + CTL tumor immunosurveillance 
and regulation of tumor escape by CD4 + T cells through an effect on quality of CTL. 
J. Immunol. 163: 184-193. 

303. Maher, V. E., B. S. Worley, D. Contois, M. C. Smith, M. J. Kelley, M. Stipanov, S. N. 

Khleif, T. Goletz, L. van den Broeke, C. Mackall, L. J. Helman, D. P. Carbone, and J. 
A. Berzofsky. 2000. Mutant oncogene and tumor suppressor gene products and fusion 
proteins created by chromosomal translocations as targets for cancer vaccines. In 
Peptide-based cancer vaccines. W.M. Kast, editor. Landes Bioscience, Austin, pp. 
17-39. 

304. Chung, D. H., J. Dorfman, D. Plaksin, K. Natarajan, I. M. Belyakov, R. Hunziker, J. A. 

Berzofsky, W. M. Yokoyama, M. G. Mage, and D. H. Margulies. 1999. Natural killer 
(NK) and cytolytic T lymphocyte (CTL) recognition of a single chain H-2D d 
molecule: distinct sites of H-2D d interact with NK and T cell receptors. J. Immunol. 
163: 3699-3708. 

305. Pinto, L. A., J. A. Berzofsky, K. R. Fowke, R. F. Littles, F. Merced-Galindez, R. 

Humphreys, J. Ahlers, N. Dunlop, R. B. Cohen, S. M. Steinberg, P. Nara, G. M. 
Shearer, and R. Yarchoan. 1999. HIV-specific immunity following immunization 



with HIV synthetic envelope peptides in asymptomatic HIV-infected patients. 
AIDS 13: 2003-2012. 

306. Berzofsky, J. A., L. J. Helman, and D. P. Carbone. 2001. Oncogene products and 

mutated proteins as tumor antigens. In Biologic Therapy of Cancer: Principles and 
Practice (3rd Ed.). S. A. Rosenberg, editor. Lippincott Williams & Wilkins, 
Philadelphia, in press. 

307. Arichi, T., T. Saito, M. E. Major, I. M. Belyakov, M. Shirai, V. H. Engelhard, S. M. 

Feinstone, and J. A. Berzofsky. 2000. Prophylactic DNA vaccine for hepatitis C 
virus (HCV) infection: HCV specific CTL induction and protection from HCV- 
recombinant vaccinia infection in an HLA-A2.1 transgenic mouse model. Proc. Natl 
Acad, Sci. U.S.A. 97: 297-302. (Retracted due to discovery of fraud by first author.) 

308. Ciernik, I. F., P. Romero, J. A. Berzofsky, and D. P. Carbone. 1999. Ionizing radiation 

enhances immunogenicity of cells expressing a tumor-specific T-cell epitope. Int. J. 
Rad. Oncolo. Biol. Phys. 45:735-741. 

309. Parra, M., G. Hui, A. Johnson, J. A. Berzofsky, T. Roberts, I. A. Quakyi, and D. W. 

Taylor. 2000. Characterization of conserved T and B cell epitopes in Plasmodium 
falciparum major merozoite surface protein- 1 (MSP- 1). Infect. Immun. 68: 2685- 
2691. 

310. Berzofsky, J. A. 2000. Immunogenicity and Antigenicity. In Samter's Immunologic 
Diseases Sixth Edition. K.F. Austen, M.M. Frank, J.P. Atkinson, and H. Cantor, 
editors. Lippincott Williams & Wilkins, Baltimore. 

311. Berzofsky J. A., J.D. Ahlers, LM. Belyakov. 2000. Design of Engineered Vaccines for 
HIV. In: Wong-Staal F, Gallo RC, editors. AIDS Vaccine Research In Perspective. 
New York: Marcel Dekker, Inc.;. in press. 

312. Nakagawa Y, T. Takeshita, J. A. Berzofsky, H. Takahashi. 2000. Analysis of 
mechanism for extracellular processing in the presentation of HIV- 1 envelope protein 
derived peptide to epitope-specific CTL. Immunology. 101: 76-82.. 

313. Grene E, D.A. Newton, E.A. Brown, J.A. Berzofsky, S. Gattoni-Celli, G.M. Shearer. 
2000. Semi-allogeneic cell hybrids stimulate HTV-1 envelope-specific cytotoxic T 
lymphcytes. AIDS: 14: 1497-1506. 

314. Polakova, K., D. Plaksin, D.H. Chung, I.M. Belyakov, J.A. Berzofsky, and D.H. 
Margulies, 2000. Antibodies directed against the MHC-I molecule H-2D d complexed 
with an antigenic peptide: similarities to a T cell receptor with the same specificity. J. 
Immunol. 165: 5703-5712. 

315. Belyakov, I.M., J.D. Ahlers, J.D. Clements, W. Strober, and J.A. Berzofsky, 2000. 
Interplay of cytokines and adjuvants in the regulation of mucosal and systemic HIV- 
specific cytotoxic T lymphocytes. Immunol. 165: 6454-6462. 



316. Terabe, M, S. Matsui, N. Noben-Trauth, H. Chen, C. Watson, D. D. Donaldson, D. P. 
Carbone, W. E. Paul, and J, A. Berzofsky. 2000. NKT cell-mediated repression of 
tumour immunosurveillance by IL-13 and the IL-4R-STAT6 pathway. Nature 
Immunology 1:515-520. 

317. Takahashi, M., Y. Nakagawa, J. A. Berzofsky, and H. Takahashi. 2001. Counter- 
regulation of cytolytic activity and cytokine production in human immunodeficiency 
virus (HIV)- 1 -specific murine CD8 + cytotoxic T lymphocytes by free antigenic peptide. 
Int Immunol 13:43-51. 

318. Derby, M. A., M. A. Alexander-Miller, R. Tse, and J. A. Berzofsky. 2001. High 
avidity CTL exploit two complementary mechanisms to provide better protection 
against viral infection than low avidity CTL. J. Immunol, 166: 1690-1697. 

319. Shirai, M., R. Fujinaga, T. Masaki, and J. A. Berzofsky. 2001. Impaired development 
of HIV-1 gpl60-specific CD8 + cytotoxic T cells by a delayed switch from Thl to Th2 
cytokine phenotype in mice with Helicobacter pylori infection. Eur, J, Immunol, 31 : 
516-526. 

320. Simon, R. M., S. M. Steinberg, M. Hamilton, A. Hildesheim, S. Khleif, L. W. Kwak, C. 
L. Mackall, J. Schlom, S. L. Topalian, and J. A. Berzofsky. 2001. Clinical trial designs 
for the early clinical development of therapeutic cancer vaccines. J. Clin. Oncol 19: 
1848-1854. 

321. McGettigan, J. P., H. D. Foley, I. M. Belyakov, J. A. Berzofsky, R. J. Pomerantz, and 
M. J. Schnell. 2001. Rabies virus-based vectors expressing HIV-1 envelope protein 
induce a stron, cross-reactive cytotoxic T-lymphocyte response against envelop 
proteins from different HIV-1 isolates. J. Virol 75: 4430-4434. 

322. Derby, MA., J. Wang, D. H. Margulies, and J. A. Berzofsky. 2001. Two intermediate 
avidity CTL clones with a disparity between functional avidity and MHC tetramer 
staining. Internal. Immunol 13: 817-824. 

323. Ahlers, J. D., I. M. Belyakov, S. Matsui, and J. A. Berzofsky. 2001. Mechanisms of 
cytokine synergy essential for vaccine protection against viral challenge. Internal 
Immunol 13: 897-908. 

324. Wong, E. C. C, V. E. Maher, K. Hines, J. Lee, C. S. Carter, T. Goletz, W. Kopp, C. L. 
Mackall, J. A. Berzofsky, and E. J. Read. 2001. Development of a clinical-scale 
method for generation of dendritic cells from peripheral blood monocytes for use in 
cancer immunotherapy. Cytotherapy 3: 19-29. 

325. Chung, D. H., I. M. Belyakov, M. A. Derby, J. Wang, L. F. Boyd, J. A. Berzofsky, and 
D. H. Margulies. 2001. Competitive inhibition in vivo and skewing of the T cell 
repertoire of antigen-specific CTL priming by an anti-peptide-MHC mAb. J. Immunol 
167: 699-707. 



326. Horner, A. A., S. K. Datta, K. Takabayashi, I. M. Belyakov, T. Hayashi, N. Cinman, 
M.-D. Nguyen, J- H. Van Uden, J. A Berzofsky, D D. Richman, and E. Raz. 2001. 
Immunostimulatory DNA-based vaccines elicit multifaceted immune responses against 
HIV at systemic and mucosal sites. J. Immunol, in press. 

327. Ahlers, J. D., L M. Belyakov, S. Matsui, and J. A. Berzofsky. 2001. Signals delivered 
through TCR instruct IL-12R expression: IL-12 and TNFa synergize for IL-12R 
expression at low antigen dose. Internat Immunol, in press. 

328. Derby, M. A., J. T. Snyder, R. Tse, M. A. Alexander-Miller, and J. A. Berzofsky. 
2001. An abrupt and concordant initiation of apoptosis: antigen-dependent death of 
CD8 + CTL. Eur. X Immunol, in press. 

329. Worley, B. S., L. T. van den Broeke, T. J. Goletz, C. D. Pendleton, E. M. Daschbach, 
E. K. Thomas, F. M. Marincola, L. J. Helman, and J. A. Berzofsky. 2001. Antigenicity 
of fusion proteins from sarcoma-associated chromosomal translocations. Cancer 
Research 61: in press. 



330 Hel Z J Nacsa, B. Kelsall, W.-P. Tsai, N. Letvin, R. W. Parks, E. Trymszewska, L. 
Picker M G Lewis, Y. Edghill-Smith, M. Moniuszko, R. Pal, L. Stevceva J. D 
Alttnan T M Allen, D. Waticins, J. V. Torres, J. A. Berzofsky, I. M. Be lyakov, W. 
sS,'L g Franchini. 2001. Impairment of gag-specific CDS; T-cell funcUon m 
mucosal and systemic compartments of SIY^,- and SHIV ku2 - infected macaques. J. 
Virol, in press. 



05/21/99 4:21PM;Jfltfag_#898;Page 3 



1596 I B. Ulmer, J. J. Donnelly and M. A. Uu 



Eur. J. Immunol. 1994. 24. 1590-1596 



Jeffrey B. Ulmer*, 
John J* Donnelly* and 

Margaret A. Liu 

Department of Virus and Cell 
Biology, Merck Research 
Laboratories, West Point 



Presentation of an exogenous antigen by major 
histocompatibility complex class I molecules 

Cytotoxic T lymphocytes (CTL) generally recognize peptides derived from 
endogenously expressed proteins in association with nascent major histocompat- 
ibility complex (MHC) class I molecules. In contrast, peptides derived from 
exogenous proteins associate with MHC class II following endocytosis to an 
endosomal compartment. However, we have recently demonstrated that exoge- 
nous fusion proteins consisting of the binding and translocating domains of 
Pseudomonas exotoxin (PE) fused with CTL epitopes derived from either 
influenza matrix protein (PEMa) or nucleoprotein are internalized, processed 
targeted to and presented by MHC class I (Donnelly et al. 1993, Proc Natl' 
Acad. Sci. USA 1993. 90: 3530). PE is known to be internalized, processed in 
endosomes, and translocated to the cytosol during intoxication of cells. However, 
our present studies demonstrate that, unlike PE, PEMa does not require 
translocation to the cytosol to exert its effect. First, two inhibitors of PE toxicity 
that exert their effects at steps subsequent to endosomal processing had no effect 
on the sensitization of target cells for CTL-mediated lysis by PEMa. NH4CI, 
which inhibits PE by raising endosomal pH, and brefeldin A, which inhibits PE by 
disrupting the Golgi complex, did not inhibit sensitization of targets cells by 
PEMa. Second, PEMa was capable of sensitizing for lysis T2 mutant cells, which 
are defective in transport of peptides from the cytosol to the lumen of the 
endoplasmic reticulum for presentation by MHC class I. These results suggest 
that PEMa is proteolyticaUy processed in endosomes, and association with MHC 
class I does not require nascent MHC molecules. Such a process may involve 
internalized MHC class I, and subsequent expression of the peptide-MHC 
complexes on the cell surface would then lead to recognition by CTL. 



1 Introduction 

Cytotoxic T lymphocyte (CTL) responses are generated by 
presentation of antigens to CD8 + T lymphocytes by MHC 
class I molecules. A key to this process is the intracytosolic 
presence of antigens, such as in the case of endogenously 
synthesized viral proteins. Because CTL are important for 
protection against viral infections [1-4] and tumors [5] and 
because CTL are able to recognize epitopes derived from 
viral proteins* it is desirable to develop vaccines designed to 
engender a CTL response. Such a response has been 
generated in vivo using plasmid DNA [6], or retroviral 
vectors or modified pathogens [7-9] to express foreign 
proteins in situ. Alternatively, exogenous proteins and 
peptides have been delivered intracellularly for presenta- 
tion by MHC class I, mediated by immunostimulating 
complexes [10], saponin adjuvants [11], synthetic lipopep- 
tides [12], and pH-sensitive liposomes [13], Recently, we 
described a recombinant protein consisting of the binding 
and translocating domains of Pseudomonas exotoxin A 
(PE) fused with the HLA-A2.1-restricted CTL epitope of 
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influenza matrix protein [14]. The native toxin is internal- 
ized by cell surface proteins, undergoes intracellular pro- 
cessing, and translocates its catalytic domain to the cytosol 
[15, 16]. The PE fusion protein (PEMa) was internalized 
and processed for presentation by MHC class 1 in target 
cells of the appropriate haplotype. The initial phase of 
intracellular trafficking of PEMa was shown to be similar to 
that of the toxin, in that a mutant of PEMa corresponding 
to a point mutation in PE that inhibits endosomal process- 
ing was inhibitory for sensitization of cells for CTL- 
mediated lysis by PEMa. In the present study, the intracel- 
lular trafficking of PEMa was further characterized. Sur- 
prisingly, delivery of PEMa to the cytosol was not required 
for presentation of the matrix epitope by MHC class I 
molecules. The implications of these findings are discussed 
in the context of current knowledge concerning antigen 
presentation by MHC class I. 



2 Materials and methods 
2.1 Materials 

T2 and Tl cells were obtained from Peter Cresswell (Yale 
University); a mouse monoclonal antibody to HLA-A2.1 
and HMY-A2 cells were obtained from Hans Zweerink 
(Merck Research Laboratories); U2-OS cells were pur- 
chased from ATCC; tissue culture supplies from Gibco; 
f^S] methionine (~ 1200Ci/mmol; 1 Ci = 37 GBq) and 51 Cr 
K(35Q-600 mCi/mg) from Amersham Corporation; brefel- 
din A (BFA) from Epicenter Technologies; PE from List 
Laboratories; FITC-conjugated goat anti-mouse lgG (Fc 
portion) and a mouse IgG2a control serum were from 
Cappell-Organon Technika. 
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2.2 CeU culture 

U2-OS cells were maintained in McCoy's 5A medium with 
15% fetal bovine serum (FBS) and were removed from 
flasks with 0.1 m EDTA in phosphate-buffered saline 
(PBS). Human CTL specific for matrix protein were 
obtained from a norma! HLA-A2.1 + donor and were 
maintained in vitro as described by Bednarek et al. [17] with 
minor modifications [14]. 72,11 and HMY-A2 cells were 
grown in suspension in RPMI 1640 containing 10% FBS. 



23 Biosynthetic labeling 

For measurement of PE toxicity, U2-OS cells were plated in 
a 96- well plate at a density of 20000 cells/well and allowed 
to attach overnight. Cell monolayers were treated with or 
without BFA or NH4CI for 1 h at 37 °C, 'followed by the 
addition of PE (0-1000 pM final concentration) for 15 min. 
Cells were washed with culture medium containing BFA or 
NH4CI and incubated with [ 3i S] methionine (2 jiCi) and 
BFA or NH4CI for 5 h. Cells were washed with ice-cold 
culture medium, lysed with sodium dodecylsulfate (0.1%) 
and added to an equal volume of ice-cold trichloroacetic 
acid (20%). Incorporation of radioactivity into acid preci- 
pitable material was determined by liquid scintillation 
spectrometry. For measurement of protein secretion, U2- 
3S cell monolayers were treated with BFA (1-10 ng/ml) for 
30 min at 37 °C, followed by the addition of [ 35 S] methion- 
ne. AJiquots of cell culture supernatant were taken at 
/arious times and spotted onto filter papers. Secreted 
nroteins were precipitated onto the filters by soaking in 
ce-cold trichloroacetic acid (10%) for 1 h. Filters were 
vashed three times in ice-cold trichloroacetic acid (5% ) and 
hree times in ice-cold ethanol, dried and radioactivity was 
letenmined as before. 



I A Cytotoxic T lymphocyte assay 

J2-OS cells were plated in 24-welI plates at 4 x 10 5 ceils per 
veil and labeled overnight with 2 |iCi/ml of 51 Cr. The 
ollowing day; cell monolayers or suspensions were exposed 
o BFA (1-10 ng/ml) or NH4CI (10-80 mM) for designated 
renods of time. Cells were incubated with PEMa, washed, 
nd in some cases further incubated in the absence of 
'EMa, and finally washed with PBS. For BFA-treated 
arget cells, all wash solutions contained BFA. To obtain 
iHuenza virus-infected targets, cells were incubated with 
ifluenza A virus (A/Victoria/73) for 30 min, washed, and 
lcubated for a further 2 h. EDTA (0. 1 M in PBS) was then 
sed to detach U2-OS cells from the plates, and the cells 
'ere washed twice more and resuspended in RPMI 1640 
ledium with 10% FBS and 0.01 M Hepes at 5 x 10* 
slls/ml. Tl and T2 cells were labeled overnight with 
nCi/ml of 51 Cr, and washed by sedimentation and resus- 
ension. Where indicated, cells were fixed with glutaraJde- 
yde (0.1%) for 1 min on ice. Target cells were plated in 
iplicate at 0.1 ml per well in round-bottom, 96-weli plates 
ith 0.1 ml CTL at effector : target ratios of 30 : 1, 20 : 1 or 
) : i. Cells were incubated at 37°C, sediraented* and 20 nl 
f supernatant was removed for counting in an LKB 
etaplate scintillation counter Results were expressed as 
» specific lysis = ((counts released with CTL)-(counts 
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released without CTL)/(counts released by 6 M HCl)- 
(counts released without CTL)] x 100. 

In bystander killing experiments, T1,T2 and HMY-A2 cells 
were incubated with PEMa (1 ng/ml) for 30 min, washed 
and added to adherent U2-OS cells that were loaded 
overnight with 5l Cr, as before. The cell mixtures were 
incubated for 2 h and the PEMa-pulsed Tl t T2 or HMY-A2 
cells were decanted. The U2-OS cells were washed and 
incubated with influenza-specific CTL for 2 h. In the 
converse experiment, U2-OS cells were incubated with 
PEMa, and Tl,T2 or HMY-A2 cells were loaded with 51 Cr, 
then the cell mixtures were incubated as before. The T1,T2 
and HMY-A2 cells were decanted and incubated with CTL 
for 2 h. In each case, negative controls consisted of cells 
without prior incubation with PEMa, as well as no addition 
of CTL to bystander cells. As positive controls, each set of 
bystander cells was incubated with PEMa or matrix peptide 
(57-68) to dernonstrate sensitization. 



2.S Immunofluorescence staining 

U2-OS cells were treated with or without BFA (1-10 ug/ml) 
for various periods of time (0-10 h), and removed from 
culture flasks with EDTA. For staining of surface MHC 
class I molecules, cells were washed with PBS containing 
FBS (5% ) and sodium azide (0.01% ), then incubated with a 
monoclonal HLA-A2.1 antibody or a normal mouse IgG2a 
control (12.5 jig/ml final concentration) for 30 min on ice. 
Cells were washed, incubated with a FITC-conjugated goat 
anti-mouse IgG (Fc portion) (25 ng/mi) for 30 min on ice, 
and washed again. Measurements were as mean channel 
fluorescence intensity using a Becton Dickinson FACScan 
flow cytometer with an excitation wavelength of 488 nm 
and a band pass filter of 530 nm. A minimum of 3500 
events/per sample were analyzed. 



3 Results 

The fusion protein PEMa has been previously shown to be 
internalized by U2-OS and HMY A2 target cells and 
presented by MHC class I [14]. These cells were chosen 
because they express the HLA-A2.1 MHC haplotype, in 
order that the HLA-A2.1-restricted CTL epitope of 
influenza matrix protein (amino acids 57-68) would be 
presented by MHC class I and specifically recognized by 
appropriate CTL. 

Additionally, these cells bind and process PE, and are 
sensitive to the toxin (unpublished observations). It was 
demonstrated that, as in the case of PE, delivery to 
endosomes and proteolytic processing of PEMa therein was 
a necessary step in its action. In the present study, we sought 
to characterize further the intracellular trafficking of PEMa 
in order to investigate the location of association with MHC 
class I during sensitization of target cells for lysis by CTL. 
This was accomplished using compounds that have been 
shown to block different steps in the processing of PE. 

PE intoxication is known to be inhibited by weak amines, 
such as ammonium chloride, at a step subsequent to 
endosomal proteolytic processing [16]. The precise mecha- 
nism of inhibition by primary amines has not yet been 
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defined. But, given that PE may translocate from some 
.other compartment such as the ER [18, 19], there are 
several potential events following endosomal processing 
that could be affected {e.g.. budding of vesicles from 
endosomes or Goigi, binding to the KDEL receptor, or 
translocation to the cytosol). U2-OS cells were completely 
insensitive to the toxin in the presence of ammonium 
chloride at concentrations shown to inhibit PE in other cell 
types (Fig. 1 A). Under these conditions, however, sensiti- 
zation of cells by PEMa for CTL-mediated lysis was not 
affected (Fig. 1 B).These results indicate that an obligatory 
step subsequent to endosomal processing of the toxin is not 
necessary for sensitization by PEMa and represents a 
divergence in the pathways of the two molecules. 

Recently, BFA was shown to inhibit intoxication of cells by 
PE [20, 21]. Although the means of this inhibition is not 
fully understood, BFA treatment is known to cause: (i) a 
cessation in protein exocytosis due to the disruption and 
disappearance of the Golgi complex [22, 23], and (ii) 
morphologic but not functional changes in endosomes [24]. 
Due to the presence of a KDEL-like sequence on the 
C-tenninus of PE that is necessary for PE toxicity [18], it 
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Figure L Effect of ammonium chloride on PE toxicity and sensi- 
tization by PEMa. Panel A: PE toxicity. U2-OS cells were 
incubated in the presence (open circles) or absence (closed circles) 
of NH4Q (30 mM) and PE toxicity was measured as the inhibition 
of incorporation of PS] methionine, as detailed in Sect. 2.3. The 
data are plotted as incorporation of radioactivity into acjd- 
precipi table material, as a percentage of maximal incorporation, 
versus PE concentration. Error bars represent ± SD, where n = 6. 
Panel B: Sensitization by PEMa. Cells were incubated with NH*a 
at the indicated concentrations for 2 h at 37 °C followed by the 
addition of PEMa (open circles) at 1 uM for 2 h. Controls were 
incubated in the absence of PEMa (closed circles). Cells were fixed 
ana incuDaiea who CTL (eirecior ; target = 20: l) tor 2 n at 37 *C 
CTL-mediated lysis of target cells is shown as % specific lysis versus 
NH4CI concentration. Error bars represent ± SD, where n ~ 3. 
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has been proposed that prior to translocation to the cytosol 
PE is transported from endosomes to the Golgi complex 
and endoplasmic reticulum (ER) in a process that involves 
the KDEL receptor [19], Therefore, inhibition of PE 
toxicity by BFA is likely to be due to its effects on the Golgi 
complex and t hence, may prevent trafficking of PE to the 
ER for translocation to the cytosol. Treatment of U2-OS 
cells with BFA resulted in an inhibition of protein secretion 
(Fig. 2 A), and also prevented intoxication of the cells by 
PE(Fig. 2B). Incubation of the cells with BFA did not have 
a discernible effect on sensitization by PEMa (Fig. 2C), 
demonstrating that PEMa does not require delivery to, or 
passage through the Golgi complex, for association with 
MHC class I. As a positive control for the inhibitory effect 
of BFA on antigen presentation by nascent MHC class I, 
virus-infected U2-OS cells were tested. Virus-infected cells 
were sensitized for lysis by CTL, but not when the cells were 
treated with BFA following a 30-min pulse with virus 
(Fig. 2D). Since evidence indicates that association of 




Figure 2. Effect of BFA on U2-OS cells. Panel A: Protein secre- 
tion. Cells were incubated with (open circles) or without (closed 
circles) BFA (1 ug/ml) and protein secretion into the culture 
supernatant was measured. Shown is acid-precipi table radioactiv- 
ity versus time in BFA. Similar results were obtained with 10 ug 
BFA (not shown). Error bars represent i SD, where n = 3. 
Panel B: PE toxicity. Cells were incubated with (open circles) or 
without (closed circles) BFA (1 ug/ml) and effect of PE on protein 
synthesis was measured as incorporation of ["S] methionine. 
Shown is acid-precipitable radioactivity in the cells, as a percentage 
of maximal incorporation, versus PE concentration. Error bars 
represent ± SD, where n = 6. Panel C Sensitization by PEMa. 
Cells were incubated with (open circles) or without (closed circles) 
BFA (2 ug/ml) for 2 h at 37 °C, followed by the addition of PEMa 
(luM) for 4h. The cells were washed with culture medium 
containing BFA and incubated with CTL at an effector : target 
ratio of 20 : 1 for an additional 1 .5 h in the presence of BFA. At this 
concentration, BFA bad no detrimental effect on the ability of CTL 
to lyse target cells (not shown). Results are ploued as % specific 
lysis versus PEMa concentration. Error bars represent ± SD, 
where n = 3. Panel D. Sensitization by virus infection. Cells were: 
(i) untreated, (ii) incubated with PEMa (10 um) in the presence or 
absence of BFA, or (iii) incubated with influenza A virus ( A/Vic- 
toria/73), for 30 min and washed. The cells were incubated a 
runner 2 h tn the presence (striped bars) or absence (solid bars) or 
BFA (2 ug/ml) and finally with CTL (25 : 1 E : T) for 2 b. Error bars 
represent ± SD, where n - 3. 
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peptides with nascent MHC class I occurs in the ER 
[25, 26] , it is unlikely that the influenza matrix epitope from 
PEMa associated with nascent MHC class I. It is possible, 
though, that internalized PEMa could have intersected 
with nascent MHC class ( in a compartment that is spared 
by BFA treatment, such as the trans Golgi network (TGN), 
during transit to the cell surface. However, it was recently 
shown that BFA inhibits the constitutive and regulated 
secretion of proteins from the TGN to the plasmalemma 
[27]. 

Therefore, MHC class I and influenza matrix peptides, if 
present together in the TGN during BFA treatment, would 
be trapped and not reach the cell surface. Moreover, 
sensitization of cells by PEMa was observed after pro- 
longed treatment of cells with BFA(10 h) (data not shown), 
which based on intracellular transport of MHC class I 
molecules in other cells [28, 29] should have been sufficient 
time to clear the transport vesicles containing newly 
synthesized MHC class I operating between the TGN and 
cell surface. Therefore, it is more likely that association of 
the matrix epitope derived from PEMa occurred in an 
intracellular compartment containing preexisting MHC 
class I molecules. It is perhaps not surprising that BFA did 
not inhibit sensitization by PEMa since PE fusion proteins 
were capable of sensitizing target cells for lysis whether or 
not the KDEL-Iike sequence was present on the C-terminus 
[14]. Sensitization by a PE fusion protein lacking a 
KDEL-like sequence suggests that transport to the ER by 
the KDEL receptor is not required for delivery to MHC 
class I and further supports the conclusion that nascent 
MHC class I molecules are not involved. 

To test this hypothesis further, T2 mutant cells were used. 
These cells contain a deletion in the MHC region of the 
genome [30, 31] and are defective in the transport of 
peptides from the cytosol to the lumen of the ER for 
association with MHC class I [32]. Yet, these cells express 
HLA-A2 molecules on the cell surface due to presentation 
of peptides derived from the signal sequences of endoge- 
nous proteins [33], Therefore, if delivery of PEMa to the 
cytosol is a necessary step prior to association with MHC 
class I, PEMa would not be capable of sensitizing T2 cells 
for lysis by CTL. In fact, PEMa sensitized T2 cells with the 
same or better efficiency as wild-type Tl cells (Fig. 3). 
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Figure J. Sensitization of T2 ceils by PEMa.Tl (closed circles) and 
Tl (open circles) cells were incubated with PEMa for 15 min at 
37 °C washed and incubated for a further 3 b. CTL were added at 
m cffcaoi ; target ratio or 10 ; 1 for 3 b at 37 *C. Sdowo is % specific 
lysis of target cells versus PEMa concentration. Error bars 
represent ± SD, where n = 3. 
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Figure 4. Lack of sensitization of U2-OS cells for lysis by excretion 
of peptide by antigen presenting cells. U2-OS cells served as 
bystander cells and were loaded with 5, Cr overnight. Tl, T2 and 
HMY-A2 cells served as antigen presenting cells and were incu- 
bated with (+) or without (-) PEMa (1 ug/ml) for 30 min and 
washed. The different cell mixtures were incubated together, 
separated and further incubated with influenza-specific CTL as 
described in Sect. 2.4. As positive controls, U2-OS cells were 
incubated with PEMa or matrix peptide (1 jig/ml) for 2 h t then 
incubated with CTL. Error bars represent ± SD, where n = 3. 

These results suggest that PEMa is internalized to an 
intracellular compartment other than the cytosol, Golgi 
complex or ER where it associates with MHC class I for 
eventual presentation on the cell surface. 

To address the possibility that sensitization of target cells 
with PEMa was accomplished by internalization and proc- 
essing of PEMa followed by excretion of peptide for 
association with cell surface MHC class I, bystander killing 
experiments were performed. In one set of experiments, 
U2-OS cells were used as bystanders and MHC haplotype- 
matched Tl, T2 or HMY-A2 cells served as antigen 
presenting cells pulsed with PEMa (Fig. 4). In the converse 
experiment, Tl, T2 and HMY-A2 cells were used as 
bystanders and U2-OS cells were PEMa-pulsed (Fig. 5). 
Sensitization of bystander cells by excretion of peptide 
from PEMa-pulsed cells was not detected with any combi- 
nation of cells. As positive controls, each bystander cell 
type was incubated with PEMa or peptide in the absence of 
other cells and shown to be sensitized for lysis by CTL. 
Therefore, it is unlikely that excretion of peptides accounts 
for the observed sensitization by PEMa. 

To investigate potential internalization of MHC class I in 
U2-OS cells, surface levels were analyzed by immunofluo- 
rescence staining in the presence or absence of BFA. 
During the period of BFA treatment, cell number remained 
constant and cell viability, as measured by trypan blue 
exclusion, was not different from that of control cells (data 
not shown). After 10 h in BFA, cell surface MHC class I 
levels decreased to approximately 85% of the starting 
amount (Fig. 6 A, B). Samples collected at intermediate 
time points showed that MHC class I molecules disap- 
peared from the cell surface at a constant rate of — 1.5%/h 
(Fig. 6C). This suggests that MHC class I underwent 

internalization, de natural ion, and/or shedding from the 

cell surface with a half-time of approximately 33 h, which is 
comparable to that in other cells [34]. 
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Figures. Lack of sensitization of T1,T2 and HMY-A2 cells by 
excretion of peptide from PEMa-pulsed U2-OS cells. Tl (pane) A), 
T2 (panel B) and HMY-A2 (panel C) cells served as bystanders 
and were incubated with 51 Cr overnight. U2-OS cells served as 
antigen presenting cells and were incubated with (+) or without 
(-) PEMa (1 ug/ml). Bystanders and PEMa-pulsed cells were 
incubated together and treated as described in Fig. 4. As positive 
controls, each bystander cell type was incubated with PEMa or 
peptide. Error ban represent x SD, where n = 3. 



Taken together, these results: (i) demonstrate that intracel- 
lular trafficking of PEMa contrasts that of PE, in that 
sensitization of cells by PEMa does not require delivery 
from endosomes to the Golgi complex, ER or cytosol, (ii) 
demonstrate that sensitization by PEMa does not involve 
excretion of peptide for association with cell surface MHC 
class I, and (iii) suggest that U2-OS cell surface MHC 
class 1 molecules may undergo constitutive internaliza- 
tion. 



4 Discussion 

The nature of antigen presentation by MHC class 1 has 
been well studied and it is clear that nascent MHC 
molecules in the ER associate with peptides derived from 



endogenously synthesized antigens, such as viral proteins 
{25 , 26], However, it has been observed that, by using 
various vehicles, exogenous antigens can be delivered to 
the cytosol and presented by MHC class I molecules 
[10-13, 35, 36]. Exogenous proteins by themselves are 
generally not able to enter an MHC class I processing 
pathway. But, by utilizing fusion proteins consisting of the 
binding and translocating domains of PE, which has 
intrinsic capabilities to gain entry into intracellular com- 
partments, we have succeeded in delivering exogenous 
proteins containing CTL epitopes to such a pathway. The 
key findings of this study are as follows: (i) the intracellular 
pathway taken by PEMa differs from that of PE at a point at 
or past endosomes, (ii) sensitization of target cells by PEMa 
does not require delivery of the matrix epitope to the 
cytosol, and (iii) association of the matrix epitope with 
MHC class I does not require newly synthesized MHC 
molecules. One might predict that delivery of PEMa to 
nascent MHC molecules in the ER would be inefficient, 
due to the lack of a KDEL-like sequence on the C-terminus 
of the fusion protein. Such a sequence on PE was recently 
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Figure 6. Cell surface staining of MHC class I. Cells were incu- 
bated with BFA (1 tig/ml) for up to 10 h and ahquots of cells were 
taken for immunofluorescence determination of cell surface MHC 
class I levels. Relative fluorescence intensity is plotted on the 
abscissa versus frequency on the ordinate for cells treated with BFA 
for 10 h (open peak) and untreated control (closed peak). Staining 
with monoclonal HLA-A2.1 antibody is shown in panel A. and 
with isotype-matched control antibody in pane) B. MHC class 1 
levels did not change during this time period in untreated cells (not 
shown). Samples taken at the intermediate time points of 2, 4. 6 
and 8 h were also analyzed and are plotted together with the 0 and 
10 h time points as percent maximal fluorescence intensity versus 
time (panel C). 
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shown to be obligatory for intoxication [18] and implies the 
involtement of the KDEL receptor, which is localized in the 
ER and Golgi complex (37 J, in the delivery of the toxin to 
the ER for translocation to the cytosol [19]. 

Taken together, the results in this report suggest that the 
matrix epitope was able to associate with preexisting MHC 
class I molecules in an endocytic compartment, such as 
could occur by the internalization of cell surface MHC 
class I. The generation of peptides for association with 
MHC class I could be the result of proteolytic processing of 
PEMa in endosomes. In support of this possibility, we have 
isolated fragments of PEMa from endosomes of cells 
incubated with radiolabeled PEMa (unpublished observa- 
tions). Subsequent presentation of the matrix epitope in 
association with MHC class I could conceivably occur by 
recycling of the complex to the cell surface. These possible 
events remain to be established; however several published 
reports support the hypothesis. Endocytosis and recycling 
of MHC class 1 molecules to the cell surface has been 
described in activated T lymphocytes [38] and Tcell lines 
[39, 40], and may be involved in antigen presentation [41]. 
but it is not certain whether this can be generalized to other 
cell types as an ongoing process. 

Internalization of MHC class I molecules has been reported 
to occur constitutiveiy in T lymphocytes [42], macro- 
phage/monocyte cells [43] and Tand B lymphoid cell lines 
[44], and can be induced in fibroblasts by cross-linking [45]. 
Regulated internalization was also suggested in some cases, 
as evidenced by phorbol ester-induced enhancement of 
uptake [43, 44]. Incubation of P815 cells with a photoaf- 
finity-labeled CTL epitope resulted in specific binding to 
MHC class I, some of which was subsequently localized 
intracellularly [46], suggesting that MHC class I molecules 
were spontaneously internalized. In addition, it has been 
proposed that the virus-induced disappearance of cell 
surface MHC class I molecules in BGMK primate cells is 
caused by an impairment of normal MHC class I recycling 
[47]. Finally, two recent reports suggest the involvement of 
endolysosomal processing of antigens for presentation by 
MHC class I. First, CTL-mediated lysis of Sendai virus- 
infected T2 cells was not inhibited by BFA treatment [48], 
indicating that an alternative pathway can function in the 
presentation of antigens by MHC class I. Second, bacterial 
antigens were internalized, processed in a phagocytic 
compartment and presented by MHC class I molecules in 
BFA- and cycloheximide-treated cells [49]. In that study, it 
was postulated thai intracellular antigen processing and 
excretion of peptide led to the expression of peptide-MHC 
complexes on the cell surface. However, the results could 
also be explained by internalization and recycling of cell 
surface MHC class I. In the present study, excretion of the 
matrix epitope by PEMa-pulsed cells was not detected, as 
measured by the lack of sensitization of haplotype-matched 
bystander cells. 

In contrast to the cited examples of MHC class I internal- 
ization and recycling, internalization of MHC class I mole- 
cules in the JY human B lymphoblastoid cell line [50, 51] 
and in B lymphocytes [42] was not detected. Therefore, this 
process may depend on cell type or may be more prominent 
in some cells than others (for review 3cc [52]). The results 
presented in this report, though, suggest that MHC class I 
molecules may not only be internalized to an endocytic 
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compartment but also may associate with antigenic pep- 
tides therein and recycle back to the plasma membrane in 
non-lymphoid cells, where they can be recognized by 
appropriate CTL. Such a pathway could explain why 
certain exogenously applied proteins without an apparent 
means of gaining access to the cytosol are capable of being 
presented by MHC class I molecules in vitro and/or induc- 
ing a CTL response in vivo [53-59]. That exogenous 
proteins in general do not enter this processing pathway 
suggests there is limited access. However, the use of 
ligands, such as PE, to target exogenous antigens contain- 
ing CTL epitopes for endocytosis to intracellular processing 
compartments may facilitate their presentation by MHC 
class I, and may form the basis of vaccine efforts designed 
to generate CTL responses. To provide determinant selec- 
tion in an outbred population, however, it will be necessary 
to first determine whether larger polypeptides can be 
targeted to cells and processed for presentation by MHC 
class I using this technique. Nevertheless, because of the 
sensitivity of CTL in recognizing antigen/MHC class I 
complexes [60], presentation of exogenous toxin/antigen 
fusion proteins by a putative recycling MHC class I path- 
way has potential as a means of eliciting CTL responses in 
vivo. 
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ABSTRACT A challenge for subunit vaccines whose goal 
is to elicit CD8 + cytotoxic T lymphocytes (CTLs) is to deliver 
the antigen to the cytosol of the living cell, where it can be 
processed for presentation by major histocompatibility com- 
plex (MHC) class I molecules. Several bacterial toxins have 
evolved to efficiently deliver catalytic protein moieties to the 
cytosol of eukaryotic cells. Anthrax lethal toxin consists of two 
distinct proteins that combine to form the active toxin. 
Protective antigen (PA) binds to cells and is instrumental in 
delivering lethal factor (LF) to the cell cytosol. To test whether 
the lethal factor protein could be exploited for delivery of 
exogenous proteins to the MHC class I processing pathway, we 
constructed a genetic fusion between the amino-terminal 254 
aa of LF and the gpl20 portion of the HIV-1 envelope protein. 
Cells treated with this fusion protein (LF254-gpl20) in the 
presence of PA effectively processed gpl20 and presented an 
epitope recognized by HIV-1 gpl20 V3-specific CTL. In con- 
trast, when cells were treated with the LF254-gpl20 fusion 
protein and a mutant PA protein defective for translocation, 
the cells were not able to present the epitope and were not lysed 
by the specific CTL. The entry into the cytosol and dependence 
on the classical cytosolic MHC class I pathway were confirmed 
by showing that antigen presentation by PA + LF254-gpl20 
was blocked by the proteasome inhibitor lactacystin. These 
data demonstrate the ability of the LF amino-terminal frag- 
ment to deliver antigens to the MHC class I pathway and 
provide the basis for the development of novel T cell vaccines. 



Whereas serum Igs are believed to be sufficient for protection 
conferred by most current vaccines (1), CD8 + cytotoxic T cells 
(CTLs) are believed to be important in clearing viral infections 
(1-8). A more vigorous CTL response against a viral infection 
thus should be beneficial (9-13). Thus, vaccines eliciting 
specific CTLs should be valuable, especially in the case of 
viruses that produce chronic infections, such as HIV. Although 
live viruses elicit CTL immunity, soluble whole proteins, such 
as subunit vaccines, with or without adjuvants, generally do not 
(14-17). Because whole exogenous proteins are usually inter- 
nalized via the endosomai system, they are processed for 
presentation by class II major histocompatibility complex 
(MHC) molecules, generally not class I. In contrast, presen- 
tation by class I MHC molecules typically occurs only for 
proteins proteolytically processed in the cytoplasm of the cell. 
Cytosolic proteins are digested into short peptides by protea- 
somes, and the resulting peptides are transported by trans- 
porters of antigenic peptides into the endoplasmic reticulum, 



The publication costs of this article were defrayed in part by page charge 
payment. This article must therefore be hereby marked "advertisement" in 
accordance with 18 U.S.C. §1734 solely to indicate this fact. 

0027-8424/97/94 1 2059-6M.O0/0 

PNAS is available online at http://www.pnas.org. 



where they bind to nascent class I MHC molecules, which carry 
them out to the cell surface for display to CD8^ T cells (17). 
Therefore, CD8 + CTLs, which uniquely recognize peptide 
epitopes presented by class I MHC molecules, provide sur- 
veillance against abnormal proteins synthesized in the cell, 
such as viral proteins or tumor antigens. The challenge in 
designing a nonliving vaccine for induction of CD8"^ CTLs thus 
is to introduce the vaccine protein into the cytosol of cells for 
processing and presentation by their class I molecules. 

Several CTL vaccine strategies have been employed with 
varying effectiveness, including live attenuated bacterial and 
viral strains, immunostimulatory complexes (ISCOMs) and 
liposome delivery systems for soluble antigens, and DNA- 
based vaccines. Unfortunately, each of these systems contains 
its own unique set of problems and is not always suitable for 
all individuals (18-21). Particularly, in the case of HIV-1 and 
its macaque close cousin simian immunodeficiency virus 
(SIV), live attenuated virus has been shown to protect adult 
monkeys from a subsequent challenge with virulent virus (22), 
but the safety of an attenuated strain, especially in newborns, 
has been questioned (23). 

A number of bacterial toxins contain catalytic domains that 
share the ability to gain access to the host cell cytosol, where 
they can exert their effects. Although each toxin may differ in 
the mechanism or route by which it gains entry to the cytosol, 
the overall effect is that of a "molecular syringe" that is able 
to inject the toxic protein into the cell. Several bacterial toxins, 
including diphtheria toxin (DT), Pseudomonas exotoxin A 
(PE), pertussis toxin, and the pertussis adenylate cyclase, have 
been used in attempts to deliver peptide epitopes to the cell 
cytosol as internal or amino-terminal fusions (24-27). These 
systems are restricted in their use as potential vaccines, be- 
cause their capacity to deliver larger protein antigens is limited 
and many individuals have already been immunized against the 
carrier toxin. 

Although peptides are able to stimulate a cellular immune 
response, whole protein antigens may be better suited for use 
in an effective vaccine for two reasons. First, the epitope that 
is essential for protection in one genetic background may prove 
to be irrelevant in a different genetic background. Therefore, 
it is beneficial for a broadly applied T cell vaccine to use the 
full-length protein from which the various relevant epitopes 
are derived. Second, peptides recognized by CTLs are pro- 
cessed from the whole protein by specialized degradative 
machinery, including the proteasome complex. In certain 
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instances, the processing of the relevant peptide epitopes is 
dependent on the flanking amino acid sequences (28). How- 
ever, flanking residues are not always important for proper 
processing (29). Because it currently is not possible to accu- 
rately predict which epitopes are dependent on their context 
for proper processing, it is important to deliver the entire 
antigen to the cell cytosol for optimal processing and presen- 
tation. 

Bacillus anthracis secretes two toxins into the extracellular 
medium during growth (30, 31 ). The two toxins consist of three 
distinct proteins that combine in a pairwise fashion (32, 33). 
Protective antigen (PA) combines with lethal factor (LF) or 
edema factor (EF). PA combined with LF constitutes lethal 
toxin, whereas PA combined with EF makes edema toxin (34, 
35). In a simple model of intoxication, PA (83 kDa) binds to 
a protein receptor on the surface of cells. PA is then cleaved 
by a cellular protease (furin) and the amino-terminal 20-kDa 
fragment is released, leaving a 63-kDa fragment, PA63, bound 
to the cell (36-38). PA63 is able to bind either LF or EF. The 
toxin is then endocytosed and transported into the cell. 
Conversion of PA to PA63 allows formation of an oligomeric 
form of PA, which, after exposure to low pH in late endosomes, 
forms channels in cell membranes (39, 40). It is believed that 
these channels facilitate the delivery of LF or EF from the 
endosome to the cytosol of the cell (41, 42). We have previ- 
ously described the internalization of fusion proteins contain- 
ing anthrax toxin lethal factor and the catalytic domains of 
other bacterial toxins (43-45). These active fusions were used 
to define the amino-terminal 254 aa of LF as those necessary 
for uptake of the fusions (46). In this work, we have taken 
advantage of the efficient delivery of LF fusion proteins to the 
cytosol to intracellular^ inoculate living cells with whole 
protein antigens. This system will provide the basis for new 
potent CTL vaccines. 

MATERIALS AND METHODS 

Reagents and General Procedures, Restriction endonucle- 
ases and DNA modifying enzymes were purchased from Life 
Technologies, Boehringer Mannheim, or New England Bio- 
labs. Oligonucleotides were synthesized on a PCR mate (Ap- 
plied Biosystems) and purified on oligonucleotide purification 
cartridges (Applied Biosystems). The PCR was performed 
with a GeneAmp kit according to the manufacturer's direc- 
tions (Perkin-Elmer/Cetus). Bacterial media preparation, re- 
striction digests, ligation, and phosphatase treatment of DNA 
were performed by standard protocols (47). Peptide P18IIIB 
was made by an automated peptide synthesizer (Applied 
Biosystems) and purified by HPLC liquid chromatography 
before use (48). Lactacystin was synthesized in the lab of E. J. 
Corey (Harvard University, Cambridge, MA) and was a gen- 
erous gift of Jonathan Yewdell and Jack Bennink (National 
Institute of Allergy and Infectious Diseases, Bethesda, MD). 

Plasmid Construction. The plasmid used for expressing the 
LF254-gpl20 fusion protein in Escherichia coli was constructed 
by ligation of the pGEX-KG vector (Pharmacia) with PCR- 
amplified LF and gpl20 gene sequences. The DNA encoding 
residues 1-254 of LF were amplified from plasmid pLF7 with 
primers that added unique Xbal and Mlul sites on the 5' and 
3' ends, respectively (49). The primers were 5'-TCT AGA TCT 
AGA AGC GGG CGG TCA TGG TGA TGT AGG-3' 
(primer 1) and 5'-GAT CTT TAA GTT CAC GCG TGG 
ATA GAT TTA TTT CTT G-3' (primer 2). The gene for 
gp!20 was amplified from plasmid HXB2-env with primers 
that added unique restriction sites for Mlul on the 5' end and 
Xhol on the 3' end of the amplified gene (43). The sequences 
were 5'-CCG CGT ACG CGT ATG AGA GTG A AG GAG 
AAA TAT CAG-3' (primer 3) and 5'-TTC GAG CTC GAG 
TTA TCT TTT TTC TCT CTG CAC CAC-3' (primer 4). 
Primer 4 introduced a stop sequence (TAA) after the gp!20 
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coding sequence. The amplified DNA products and the 
pGEX-KG plasmid DNA were digested with the appropriate 
restriction enzymes. Vector DNA was dephosphorylated with 
bacterial alkaline phosphatase for 30 min. All three DNA 
fragments were purified from low-melting-point agarose after 
electrophoresis by extraction with phenol -chloroform, mixed, 
and ligated overnight at 16°C with T4 DNA ligase. The ligated 
DNA was used to transform chemically competent £. coli 
(DH5a, high efficiency, Life Technologies). Transformed £. 
coli were selected on ampicillin containing solid media (50 
^Lg/ml) and screened by restriction analysis of extracted plas- 
mid. Clones that had the expected restriction pattern were 
confirmed by DNA sequencing. 

Expression and Purification of the LF254-gpl20 Fusion 
Protein. The use of plasmid pGEX-KG allowed for the 
expression of the three-part fusion protein (GST-LF254- 
gpl20) after induction by isopropyl-l-thio-0-D-gaIactopyrano- 
side (IPTG) and rapid purification by adsorption to glutathi- 
one-Sepharose 4B. The expression and purification of GST-LF 
fusion proteins was described previously (44). E. coli strain 
SG12036 was transformed with the pGEX-KG-LF254-gpl20 
fusion vector and grown in rich media (superbroth, 100 fig/m\ 
of ampicillin) with shaking at 225 rpm at 37°C. When the cell 
density at Asoo reached 0.6-0.8, IPTG was added to a final 
concentration of 1 mM. After further incubation for 2 hr, the 
bacterial celts were pelleted by centrifugation and then resus- 
pended in 100 mM phosphate buffer (pH 7.4), 150 mM NaCl, 
1% Triton X-100, 5 mM EDTA, 5 /xg/ml leupeptin, 10 jig/ml 
aprotinin, and 10 ptg/ml 4-(2-aminoethyl)-benzenesulfo- 
nylf luoride. The bacterial cells were disrupted by sonication, 
and the clarified extracts were applied to a glutathione- 
Sepharose 4B column previously equilibrated with buffer (100 
mM phosphate, pH 7.4/150 mM NaCl/1% Triton X-100). The 
column was washed extensively, and the bound fusion protein 
was eluted with 10 mM glutathione in 50 mM Tris, pH 8.0/0.5 
mM EDTA. The eluted protein was concentrated by ultrafil- 
tration with a Centriprep-30 device (Amicon) and analyzed for 
purity by electrophoresis on nondenaturing and SDS poly- 
acrylamide gels (Phast gels, Pharmacia). Protein concentra- 
tions were determined by the micro BCA method with BSA as 
a standard (Pierce). 

Protective Antigen Proteins. Protective antigen was ex- 
pressed in B. anthracis from the expression vector pYS5 and 
purified by established procedures (50, 51). Mutant PA mol- 
ecules PA CFD and PA-D were constructed by site-directed 
mutagenesis and have been previously described (52). 

Cell Lines. P815, a DBA/2-derived (H-2 d ) mastocytoma 
(ATCC TIB-64) used as target cells in the CTL assay, was 
maintained in RPMI 1640 medium supplemented with 10% 
FCS. The HIV gpl20-specific CTL lines 9.23.3 and al5-12, 
which recognize the V3 epitope RGPGRAFVTI, have been 
previously described (13, 48, 53). HIV gpl20-specific CTL 
lines were derived from BALB/c spleens taken from mice 
previously immunized with a recombinant vaccinia virus ex- 
pressing the gpl60 protein and restimulated weekly. 9.23.3 
CTLs were stimulated with 10 yM P18IIIB peptide pulsed on 
5 x 10 6 irradiated splenocytes [3,000 rads (1 rad = 0.01 Gy)] 
with 5 x 10 5 CTLs per well, in a 24-well plate containing 2 ml 
of a 1:1 mixture of RPMI 1640 medium and Eagle-Hanks' 
amino acid medium (EH AA) supplemented with L-glutamine, 
sodium pyruvate, nonessential amino acids, penicillin, strep- 
tomycin, 5 X 10~ 5 M 2-mercaptoethanoI, 10% fetal calf serum, 
and 10% T-stim (Collaborative Biomedical Products). Stimu- 
lation of the al5-12 CTL line used the same media mixture; 
however, these CTLs were restimulated with mitomycin C- 
treated al5-12 cells at 5 x 10 5 CTLs, 5 X 10 5 15-12 cells, and 
5 x 10 6 irradiated (3,000 rads) BALB/c splenocytes per well. 
15-12 ceils were isolated from transfected BALB/c 3T3 cells, 
which express the gpl60 protein from the IIIB strain of HI V-l 
(48). 
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Cytotoxic Lymphocyte Assay. 51 Cr release assays were per- 
formed as previously described (54). When appropriate, target 
cells were treated with PA (100 ng/ml) and/or LF254-gpl20 
fusion protein (1.0 ng/ml when used with al5-12 CTL or 50 
ng/ml when used with 9.23.3 CTL) for 12 hr in serum-free 
media. After treatment, the target cells (5 x 10 5 cells) were 
labeled with 200 fiC\ (1 Ci = 37 GBq) of Na 2 51 Cr0 4 in 100 fi\ 
of RPMI 1640 for 2 hr at 37°C In some cases, target cells were 
pulsed with peptide (1.0-10.0 fxM) during labeling. Following 
labeling, targets were washed three times and added at 3,000 
cells per well along with the appropriate number of effector 
cells in 96-well round-bottom plates. Supernatants were har- 
vested after 6 hr and counted in an Isomedic gamma counter 
(ICN). The mean of triplicate samples was calculated and the 
percent 51 Cr release was determined using the following 
formula. Percent 51 Cr release = 100 x [(experimental 51 Cr 
release - control 51 Cr release)/(maximum 51 Cr release - 
control 51 Cr release)], where experimental 51 Cr release rep- 
resents counts from target cells mixed with effector cells, 
control 51 Cr release represents target cells mixed with medium 
alone (spontaneous release), and maximum 5I Cr release rep- 
resents counts from target cells exposed to 2.5% Triton X-100. 

RESULTS 

Plasmid Construction. The LF sequences required for 
binding to PA and translocation to the cell cytosol were 
genetically fused to the gpl20 portion of the envelope gene 
from HI V-l strain HXB2. This fusion was constructed in the 
pGEX-KG vector, resulting in a three-way protein fusion of 
the 26-kDa glutathione S-transferase domain with LF residues 
1-254 and residues 1-511 of the gpl60 protein. The inclusion 
of the Gly 5 -containing linker from pGEX-KG and the alter- 
ation of a base following the Xbal site before the 5' end of the 
LF1-254 gene fragment resulted in a modified 14-residue 
spacer (GSPGISGGGGGILE) between the GST domain and 
LF1-254 (Fig. 1). The addition of the unique Af/wl and Pstl 
sites to the 5' end of the coding sequences for the gpl20 
portion of the envelope gene added four additional residues, 
TRLQ, between LF1-254 and gpl20 (Fig. 1). The addition of 
residues at the amino- and carboxyl-terminal ends of LF1-254 
do not appear to affect the function of the protein with respect 
to PA binding and protein translocation (42, 44). The resulting 
fusion protein has a calculated molecular mass of 114,852 Da 
and a calculated pi of 7.00. 

Specific Cytolysis of Target Cells Sensitized with LF254- 
gpl20 Fusion Proteins by HIV gp 120- Specific CTL. The 
mouse mastocytoma cell line P815 was incubated with PA or 
PA mutants and/or LF254-gpl20 fusion protein for 12 hr in 
serum-free conditions. The cells were then washed and labeled 
with 51 Cr for use as target cells. The labeled P815 target cells 
were mixed at different ratios with the effector CTL cell line 
9.23.3, which recognizes the peptide epitope, RGPGR AFVTI, 
from the V3 loop of gpl 20 ( 13, 48, 53). Killing of the target cell 
population was determined by measuring release of 51 Cr into 
the media (Fig. 2). Target cells treated with wild-type PA and 
LF254-gpl20 fusion protein were efficiently recognized and 
lysed by the 9.23.3 CTL line. To ensure maximal lysis, effector- 
to-target ratios starting at 40:1 were used. Lysis was still on a 
plateau at an effector-to-target ratio of 10. The recognition 
and lysis was dependent on the presence of functional PA, 
demonstrating that processing of the fusion protein relies on 
internalization via the PA receptor. Treatment with a trans- 
location-defective mutant PA protein (52) or without the 
addition of PA resulted in minimal lysis of the target cells, 
placing a limit on the amount of LF254-gpl20 that is proteo- 
lytically degraded extracellularly and thus able to sensitize 
target cells without active transport into the cytosol. This 
implies that the LF254-gpl20 fusion protein needs to gain 
access to the cell cytosol for processing and presentation. 
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Fig. 1. Plasmid construct and fusion protein. (A) Plasmid NA125 
construct for expression of LF254-gpl 20 fusion protein in E. coli. GST, 
26-kDa glutathione 5-transferase domain from the parent vector 
pGEX-KG; LF 1 " 254 , coding sequences for residues 1-254 of mature 
LF; gpl20, coding sequences for residues 1-511 of HXB2-env gene. 
(B) Expressed GST-LF254-gpl20 protein. The carboxyl-terminal res- 
idue of the linker from pGEX-KG was changed from D to E, and four 
residues, TRLQ, were added between the LF254 and gpl 20 portions 
of the construct due to DNA manipulations. The V3 epitope, 
RGPGRAFVTI, recognized by CTL begins at residue 807 of the 
fusion protein. 



Treatment with PA alone, mutant PA alone, or the LF254- 
gpl20 fusion alone did not sensitize the target cells for lysis. 
Target cells pulsed with P18IIIB peptide served as a positive 
control and resulted in cell lysis when effector cells were added. 
To compare the relative potency of the LF254-gpl20 with that 
of the optimal decapeptide PI 8-1 10 for sensitizing target cells 
for recognition by these CTL (53, 55, 56), titration experiments 
were performed. The P18-I10 decapeptide sensitized targets 
for lysis in the range of 10" 10 to 10~ n M, based on specific lysis 
>10% as a threshold for positivity, whereas the LF254-gpl20 
sensitized targets with as little as 4 x 10~ 14 M protein (data not 
shown). Therefore, the fusion construct was at least 2.5 logs 
more potent on a molar basis than the optimal binding peptide. 

Lactacystin Prevents Lysis of PA/LF254-gpl20-Treated 
Target Cells. To demonstrate the requirement for LF254- 
gpl20 processing by the classical MHC class I pathway, we 
examined the ability of the specific proteasome inhibitor, 
lactacystin, to inhibit presentation of the V3 epitope on the cell 
surface. Incubation of P815 cells with 10 /xM lactacystin for 45 
min prior to the addition of PA and LF254-gpl20 significantly 
decreased lysis of the target cells by the al5-12 CTL line (Fig. 
3). Lactacystin inhibition of peptide presentation shows that 
the processing of the peptide epitope from the fusion protein 
depends on the function of the proteasome complex. This 
indicates that the protein fusion was delivered to the cytosol of 
the cell, where it interacts with the proteasome complex and 
precludes the role of any alternate processing pathways for 
presentation by the anthrax toxin LF254-gpl20 fusion protein. 
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Fig. 2. Recognition of cells treated with gpl20 anthrax toxin 
fusions by gpl20-specific cytotoxic lymphocytes. The mouse masto- 
cytoma cell line P815 was incubated with wild-type protective antigen 
(WPA) or mutant PACFD (MPA) and/or LF254-gpl20 fusion pro- 
teins (50 ng/ml). P815 cells pulsed with 1.0 /iM P18IIIB peptide served 
as a control. After 12 hr, the cells were washed and the treated P815 
cells were labeled with M Cr. Labeled P815 cells were then mixed at 
different ratios with the CTL cell line 9.23.3, which recognizes the 
peptide sequence RGPGRAFVTI from gpl20. Killing of the target 
cell population was determined by measuring release of 51 Cr into the 
medium (% lysis). Background lysis was determined with untreated, 
5! Cr labeled, P815 cells. These data are the replicate of three exper- 
iments. 

DISCUSSION 

The primary goal of this study was to determine the ability of 
an anthrax lethal factor fusion to deliver antigenic proteins to 
the cell cytosol for processing and presentation with class I 
molecules on the cell surface. We demonstrated the ability of 
the LF254-gpl20 fusion, in conjunction with PA, to sensitize 
target cells (Fig. 2). The requirement for functional PA shows 
that the LF254-gpl20 fusion needs to gain access to the 
intracellular environment to be processed. Other toxins that 
have been used as fusions with peptide epitopes have also 
resulted in presentation of the epitope on the surface of 
antigen presenting cells in the proper context. Examples 
include DT, PE, pertussis toxin, and the Bordetella pertussis 
adenylate cyclase (24-27, 57). However, the processing and 
presentation of peptide epitopes from each of these fusion 
proteins do not appear to occur through the classical MHC 
class I processing pathway but instead via various alternate 
pathways. 

DT was used as a delivery system with peptide epitopes from 
influenza virus fused to the amino-terminal end of the toxin 
(24). Although it was demonstrated that the peptide-toxin 
fusion gained access to the inside of the cell, processing and 
presentation of the antigens was not demonstrated. Subse- 
quently, it was reported that DT was able to translocate 
additional protein domains into the cell cytosol (57, 58). 
Genetic fusions of an inactive DT protein with an active DT 
catalytic domain were translocated into the cytosol, where they 
were toxic. However, fusions with other protein domains had 
reduced abilities to deliver proteins or were unable to bind to 
the DT receptor and were not translocated. The entire genetic 
fusion appeared to be very stable in the cytosol, with no 
indication of any processing 6 hr after translocation, which may 
imply that the translocated DT or DT fusions are not accessible 
to the degradative machinery in the cell. 

A truncated PE has also been genetically fused to influenza 
A peptide epitopes (25). The ability of PE-peptide antigen 
fusions to deliver the antigenic peptide to the MHC class I 
molecules on the surface of target cells was examined. Specific 
lysis by CTLs recognizing the influenza A epitopes within the 



fusion protein was detected. However, it was determined that 
the PE fusions trafficked through the cell differently from 
native PE. In fact, blocking translocation after adding the PE 
fusions to cells had no effect on processing and presentation of 
the antigenic peptide (59). The authors proposed that a certain 
amount of proteolysis occurs in the endosome and that there 
exist, in the endosome, MHC class I molecules able to bind the 
processed peptide; thus, recycling of these complexes to the 
cell surface can mark the cell for recognition and lysis by CTLs. 
These PE fusions may enter a noncytosolic pathway for 
presenting exogenous antigens to the MHC class 1 molecules 
(60, 61). 

Peptides from the lymphocytic choriomeningitis virus nu- 
cleoprotein were inserted into the SI subunit of pertussis toxin 
and the pertussis adenylate cyclase (26, 27, 57, 62). These 
fusions specifically sensitized target cells to the appropriate 
CTLs. However, the dependence on the classical pathway for 
processing and presentation of the antigen to the MHC class 
I pathway was not established. The adenylate cyclase fusions 
were tested for their effectiveness in vivo and were able to 
generate CTLs. Production of CTLs was dependent on coin- 
jection of the fusion protein with alum, which implies that the 
fusions are processed by an alternate exogenous pathway for 
MHC class I antigen. 

In the case of LF254-gpl20, we have demonstrated that 
delivery to the cytosol requires active PA and that presentation 
requires a functional proteasome complex. Use of lactacystin. 
a specific inhibitor for proteasomes, provides an unequivocal 
demonstration that these constructs enter the cytosolic deg- 
radative pathway involved in classical processing for class I 
MHC presentation (Fig. 3) (63). Thus, in this case a bacterial 
toxin fusion protein has been diefinitively shown to deliver a 
whole protein antigen to the classical cytosolic MHC class I 
pathway. 

The anthrax lethal toxin system has several additional 
advantages over the other bacterial toxins for vaccine use. 
First, LF fusion proteins are nontoxic, because the entire 
catalytic domain has been deleted. Even the "detoxified" DT 
still retains 1/800 of the wild-type activity, which is enough to 
preclude its use in vitro or in vivo (24, 64). In contrast, the entire 
catalytic domain of LF, residues 255-776, has been deleted in 
LF254-gpl20. Our prior studies have shown that only LF 
residues 1-254 are needed for efficient delivery of fused 
polypeptides (46). Second, LF fusions can be produced as 
soluble proteins in standard GST expression vectors. The 
binary nature of the toxin allows production of LF fusions 
without manipulation or alteration of the cell-binding prop- 
erties of PA. LF residues 1-254 appear indifferent to addition 
of peptides or larger proteins at either the amino or carboxyl 
termini and still retain their ability to bind PA (44). These 
additions to LF do not appear to seriously affect the ability of 
PA to translocate protein into the cell cytosol. In contrast, 
expression and purification of the other toxin fusions require 
either use of special hosts capable of secretion of the modified 
holotoxins or refolding after purification from inclusion bod- 
ies. Third, LF fusions appear to be proficient at delivering 
proteins to the cell cytosol. LF-Pseudomonas exotoxin A 
fusions are 100 times more potent than wild-type PE, demon- 
strating that the delivery of the active domain is more efficient 
(43). The ability of our system to efficiently deliver antigen to 
the cytosol is reflected in the comparatively small amount of 
protein needed to achieve recognition by CTL. Both the 
pertussis cyclase delivery system and the pertussis toxin de- 
livery system require 50 times more antigen on a molar basis 
to achieve similar recognition of target cells by CTL (26, 27). 
Finally, LF254 appears capable of delivering protein antigens 
that are large enough that hosts from varied genetic back- 
grounds can be expected to process the appropriate epitope 
from the antigen and properly present it. 
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Fig. 3. Inhibition of fusion protein processing by lactacystin. P815 cells were treated with 1 ng/ml of the GST-LF254-gpl20 fusion protein alone 
and with PA (WPA) or mutant PA-D (DELPA) in the presence (B) or absence {A) of 10 jaM lactacystin. 51 Cr-labe!ed target cells were mixed 
with a 15-1 2 CTLs, and specific lysis was measured. Target cells were treated with the P18IIIB peptide as a positive control for cell lysis. These 
data are the representative of three experiments. 



Preliminary in vivo experiments show that a single subcu- 
taneous injection of the LF254-gpl20 fusion along with PA is 
able to elicit a vigorous CTL response in the spleens of 
vaccinated animals (data not shown). We are currently refining 
the immunization procedure and testing the PA dependence of 
the in vivo response to confirm a cytosolic processing mech- 
anism, as well as investigating the ability of other LF254- 
antigen fusions, including LF254-gp41, LF254-reverse tran- 
scriptase, and LF254-NEF, to generate an immune response. 

A recent study by Ballard et al. (65), performed concurrently 
with the present study, addresses the effectiveness of in vivo 
immunization with anthrax toxin fusion constructs, using a 
fusion of LF with a nine-residue peptide from the listeriolysin 
protein of Listeria monocyotogenes, and shows protective effi- 
cacy against infection. However, because this study used only 
a nonpeptide minimal fragment from the protein, which can 
bind directly to class I MHC molecules and does not require 
processing through the class I pathway, it did not address the 
question of whether the toxin fusion construct could introduce 
a whole foreign vaccine protein into the cytosolic class I MHC 
processing pathway and elicit appropriate degradation and 
presentation with a class I MHC molecule. Our present study 
demonstrates this critical mechanistic point and shows that 
whole protein antigens may be introduced in this fashion for 
potential use as vaccines. Whole protein antigens have the 
advantage that they are not limited to single epitopes that are 
presented by only one or a few MHC molecules and are also 
more susceptible to escape mutations. However, they have the 
disadvantage that they are usually harder to introduce into the 
class I MHC processing pathway without a live viral vector 
(17). Thus, the major advantage of anthrax toxin fusion 
proteins is the ability to introduce whole complex foreign 
proteins to this processing pathway. Thus, the Ballard et al. 
study (65) and ours complement each other in demonstrating 
the utility of the anthrax lethal toxin fusion system for the 
stimulation of a cellular immune response. 

In conclusion, we have taken advantage of several unique 
properties of anthrax toxin to construct fusion proteins that 
transport large proteins into the cytosol of living cells, where 
they are processed through the classical pathway for loading 
onto MHC class I molecules and presentation to CD8 CTL. 
Anthrax toxin appears particularly well suited, of all the 
bacterial toxins, to development of safe and potent vaccines for 
induction of CTL immunity. 



We thank Dr. E. J. Corey for synthesizing and Drs. Jonathan 
Yewdell and Jack Bennink for the generous gift of lactacystin. 
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1. Claims 9-19 are under consideration. Claims 1-7,20-28 have been canceled. 



RESPONSE TO APPLICANTS ARGUMENTS 



2. The following is a quotation of the first paragraph of 35 U.S.C. 1 1 2: 

The specification shall contain a written description of the invention, and of the manner 
and process of making and using it, in such full, clear, concise, and exact terms as to 
enable any person skilled in the art to which it pertains, or with which it is most nearly 
connected, to make and use the same and shall set forth the best mode contemplated 
by the inventor of carrying out his invention. 

3. Claims 9-19 are rejected under 35 U.S.C. 112, first paragraph, because the 
specification, while being enabling for the claimed invention which uses an APABP 
construct which contains amino acids 1-254 of LF is not enabling for the claimed invention 
which uses intact LF. Arora et al. (1993) discloses that intact LF causes cell death when 
administered to cells (see page 3334, first column). Thus, the claimed invention which uses 
intact LF could not be used to induce an immune response to CTL epitopes because it 
would kill the treated cells. The specification does not enable any person skilled in the art 
to which it pertains, or with which it is most nearly connected, to practice the invention 
commensurate in scope with these claims. 

4. Claims 9-19 are rejected under 35 U.S.C. § 112, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention. 

Claim 9 is indefinite in the recitation of "anthrax protective antigen binding protein". 
The specification page 7, lines 1 and 2, defines said term as "contains the PA binding site 
of LF". The specification page 7, lines 21-23 defines LF as a 90 kDa protein derived from 
B. anthracis. Said protein is known in the art. The indefinite issue arises in that page 7, 
lines 23-24 recites 'The description of LF includes binary toxin functional equivalents such 
as protein la of C. perfringens.". It is unclear from this sentence whether LF is limited to 
the 90 kDa protein derived from B. anthracis or whether LF encompasses includes binary 
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toxin functional equivalents because it is unclear whether "The description of LF includes" 
refers to the definition of LF or has some other meaning. If the term is taken as 
encompassing "binary toxin functional equivalents", then it is unclear what this term means 
or encompasses because it is not defined in the specification and it has no art recognized 
meaning. It is unclear as to what properties or set of properties would be encompassed 
by a "binary toxin functional equivalent". 

5. Claims 9-19 are rejected under 35 U.S.C. 1 12, first paragraph, as containing subject 
matter which was not described in the specification in such a way as to reasonably convey 
to one skilled in the relevant art that the inventor(s), at the time the application was filed, 
had possession of the claimed invention. 

The specification does not provide adequate written description of the claimed 
invention. The legal standard for sufficiency of a patent's (or a specification's) written 
description is whether that description "reasonably conveys to the artisan that the inventor 
had possession at that time of the. . .claimed subject matter", Vas-Cath, Inc. V. Mahurkar, 
19 U.S.P.Q.2d 1111 (Fed. Cir. 1991). In the instant case, the specification does not 
convey to the artisan that the applicant had possession at the time of invention of the 
claimed inventions. 

As per paragraph 4 of the instant Office Action, instant claims encompass use of a 
"binary toxin functional equivalents". With the exception of the particular LF derived 
fragment derived from the first 254 amino acids of the 90 kDA protein of B. anthracis 
disclosed in the specification, the skilled artisan cannot envision the detailed structure of 
the encompassed "binary toxin functional equivalents" and therefore conception is not 
achieved until reduction to practice has occurred, regardless of the complexity or simplicity 
of the method of isolation. For example, it is clear that the peptide recited in the claims 
encompasses a vast number of potential analogs with varying amino acid sequences, yet 
there is no disclosure in the specification of what amino acid sequence would be used 
other than the specific example disclosed in the specification. Adequate written description 
requires more than a mere statement that it is part of the invention and a reference to a 
potential method of isolating it. In the instant application, the amino acid itself or isolated 
protein is required. See Fiers v. Revel, 25 USPQ 2d 1601 at 1606 (CAFC 1993) and 
Amgen Inc. V. Chugai Pharmaceutical Co. Lts., 18 USPQ2d 1016. 
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In view of the aforementioned problems regarding description of the claimed 
invention, the specification does not provide an adequate written description of the 
invention claimed herein. See The Regents of the University of California v. Eli Lilly and 
Company, 43 USPQ2d 1398, 1404-7 (Fed. Cir. 1997). In University of California v. Eli Lilly 
and Co., 39 U.S.P.Q.2d 1225 (Fed. Cir. 1995) the inventors claimed a genus of DNA 
species encoding insulin in different vertebrates or mammals, but had only described a 
single species of cDNA which encoded rat insulin. The court held that only the nucleic 
acids species described in the specification (i.e. nucleic acids encoding rat insulin) met the 
description requirement and that the inventors were not entitled to a claim encompassing 
a genus of nucleic acids encoding insulin from other vertebrates, mammals or humans, 
id. at 1240. The Federal Circuit has held that if an inventor is "unable to envision the 
detailed constitution of a gene so as to distinguish it from other materials. . .conception has 
not been achieved until reduction to practice has occurred", Amgen, Inc. v. Chugai 
Pharmaceutical Co, Ltd., 18 U.S.P.Q.2d 1016 (Fed. Cir. 1991). Attention is also directed 
to the decision of The Regents of the University of California v. Eli Lilly and Company 
(CAFC, July 1997) wherein is stated: 

'The description requirement of the patent statute requires a description of an invention, 
not an indication of a result that one might achieve if one made that invention. See In re 
Wilder, 736 F.2d 1516, 222 USPQ 369, 372-373 (Fed. Cir. 1984) (affirming rejection 
because the specification does "little more than outlin[e] goals appellants hope the claimed 
invention achieves and the problems the invention will hopefully ameliorate."). Accordingly, 
naming a type of material generally known to exist, in the absence of knowledge as to what 
that material consists of, is not a description of that material. Thus, as we have previously 
held, a cDNA is not defined or described by the mere name "cDNA," even if accompanied 
by the name of the protein that it encodes, but requires a kind of specificity usually 
achieved by means of the recitation of the sequence of nucleotides that make up the 
cDNA." See Fiers, 984 F.2d at 1 171, 25 USPQ2d at 1606. 

7. The rejection of claims 9-19 under 35 U.S.C. 103(a) as being unpatentable over 
Milne et al. (Mol. Microbiology 15:651, 1995), Arora et al. (J. Biol. Chemistry 268:3334, 
1993) or Leppla et al. US Patent 5,591 ,631 in view of EP 0 532 090A2 ( issued March 
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3, 1991) and Donnelly et al . (PNAS 90:3530:1993) is withdrawn in view of applicants 
arguments and the Berzofsky declaration filed 8/30/2001 . 

8. No claim is allowed. 

9. Papers related to this application may be submitted to Group 1600 by facsimile 
transmission. The faxing of such papers must conform with the notice published in the 
Official Gazette, 1096 OG 30 (November 15, 1989). Papers should be faxed to Group 1600 
at (703) 308-4242. 

10. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Dr. Ron Schwadron whose telephone number is (703) 308- 
4680. The examiner can normally be reached Monday through Thursday from 7:30 to 
6:00. A message may be left on the examiners voice mail service. If attempts to reach the 
examiner by telephone are unsuccessful, the examiner's supervisor, Ms. Christina Chan 
can be reached on (703) 308-3973. Any inquiry of a general nature or relating to the status 
of this application should be directed to the Group 1600 receptionist whose telephone 
number is (703) 308-0196. 
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PRIMARY EXAMINER 
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Ron Schwadron, Ph.D. 
Primary Examiner 
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Attachment for PTO-948 (Rev. 03/01, or earlier) 

6/18/01 

The below text replaces the pre-printed text under the heading, 
"Information on How to Effect Drawing Changes," on the back 
of the PTO-948 (Rev. 03/01, or earlier) form. 

INFORMATION ON HOW TO EFFECT DRAWING CHANGES 



1. Correction of Informalities 37 CFR 1,85 

New corrected drawings must be filed with the changes incorporated therein. 
Identifying indicia, if provided, should include the title of the invention, 
inventor's name, and application number, or docket number (if any) if an 
application number has not been assigned to the application. If this information is 
provided, it must be placed on the front of each sheet and centered within the top 
margin. If corrected drawings are required in a Notice of Allowability (PTOL- 
37), the new drawings MUST be filed within the THREE MONTH shortened 
statutory period set for reply in the Notice of Allowability. Extensions of time 
may NOT be obtained under the provisions of 37 CFR 1 136(a) or (b) for filing 
the corrected drawings after the mailing of a Notice of Allowability. The 
drawings should be filed as a separate paper with a transmittal letter addressed to 
the Official Draftsperson. 

© 

2. Corrections other than Informalities Noted by Draftsperson on form PTO- 
948. 

All changes to the drawings, other than informalities noted by the Draftsperson, 
MUST be made in the same manner as above except that, normally, a highlighted 
(preferably red ink) sketch of the changes to be incorporated into the new 
drawings MUST be approved by the examiner before the application will be 
allowed. No changes will be permitted to be made, other than correction of 
informalities, unless the examiner has approved the proposed changes. 

Timing of Corrections 

Applicant is required to submit the drawing corrections within the 
time period set in the attached Office communication . See 37 CFR 
1.85(a). 

Failure to take corrective action within the set period will result in 
ABANDONMENT of the application. 
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